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TIME  RECORDER  FOR  KYMOGRAPH  TRACINGS. 

Oliver  E.  Closson. 

(From   the   Research   Laboratory,    I'arke,   Davis  &   Co.,   Detroit,    Mich.) 
Received    for    publication,    November    1,    1913. 

In  all  graphic  records  of  phenomena  the  time  relations  are  of 
prime  importance.  Records  made  upon  smoked  paper  are  espe- 
cially subject  to  detriment  if  measurements  are  attempted  before 
the  soot  has  been  fixed,  and  even  then  it  is  a  tedious  and  often 
unsatisfactory  operation  to  find  from  the  time  curve  the  projec- 
tion of  the  time  intervals  on  the  different  tracings. 

The  apparatus  here  described  records  the  time  interval  by  a 
fine  line  entirely  across  the  smoked  paper,  so  that  the  time  rela- 
tions are  everywhere  apparent.  The  record  thus  appears  with 
the  tracings  crossed  by  a  series  of  parallel  lines  which  represent 
the  lapse  of  time  for  which  the  clock  is  set. 

The  cut.  A,  shows  lines  at  two  second  intervals.  The  upper 
tracing  is  peristalsis  of  the  small  intestines  recorded  by  means 
of  a  balloon  in  the  lumen  and  air  transmission  to  a  tambour. 
The  middle  curve  is  the  blood  pressure  and  pulse  at  the  carotid 
recorded  by  a  float  in  a  mercury  manometer.  The  base  line 
records  by  a  down  stroke  the  intrafemoral  injection  of  the  dog 
with  a  six  months  old  preparation  of  secretin  and  by  the  up- 
stroke the  drops  of  pancreatic  juice  secreted. 

The  principle  of  the  device  is  exemplified  when  the  artisan 
snaps  a  chalked  cord  for  drawing  a  straight  line  between  two 
points;  thus  if  a  fine  wire  is  stretched  parallel  to  the  smoked 
paper  at  a  distance  of  2  or  o  mm.,  it  will,  when  pulled  away  and 
then  released,  snap  back  and  remove  a  fine  line  of  soot  from  the 
paper. 

The  accompanying  drawing  B  and  photograph  C  show  the 
essentials  of  the  apparatus.  An  iron  bar  B  has  both  ends  bent 
at  right  angles  to  the  main  portion,  and  slits  cut  in  the  ends  with 
a  hack-saw,  as  shown.  This  forms  a  bow  and  a  fine  spring  wire 
is  stretched  between  the  ends.  A  signal  magnet  M  is  attached  so 
that  the  pick  P  on  the  extended  armature  plucks  the  wire  wdien 
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Fig.  B. 


Fk;.  C. 
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the  armature  is  attracted  at  the  passage  of  an  electric  current. 
By  a  little  adjustment  it  can  be  made  to  pull  the  wire  the  full 
excursion  before  releasing  and  to  slip  past  the  wire  without  trou- 
ble on  returning  to  position.  This  action  can  be  made  very  cer- 
tain by  attaching  an  inclined  stop  S  set  to  i)ush  the  wire  oft'  the 
pick  at  any  given  j)oint  in  the  throw.  All  irregularities  are  thus 
avoided  even  when  the  pick  is  obviously  set  im])roperly.  The  sig- 
nal magnet  is  connected  with  the  time  clock  in  the  usual  way,  and 
the  apparatus  clamped  before  the  drum  so  that  the  spring  wire 
will  record  a  single  line  at  the  rebound  from  each  jnill  of  the 
signal  magnet. 

When  the  wire  is  stretched  too  tight  there  is  often  recorded  a 
double  line  for  a  part  of  the  distance  especially  on  wide  paper; 
however,  by  damping  the  vibrations  this  is  entirely  avoided.  A 
small  rubber  band  around  the  wire  and  bow  damps  the  vibrations 
sufficiently. 

The  portion  of  the  wire  aboxe  the  signal  magnet  is  used  for 
writing,  and  b\-  iiaving  the  bow  "i  feet  long,  there  is  no  trouble 
in  recording  on  lo-inch  i)aper.  If  it  is  incoiuenient  to  adjust  any 
recorder  to  write  ])erpen(licular  to  the  base  line,  it  is  a  simple 
matter  to  adjust  so  that  the  time  line  is  parallel  to  any  such  line. 
This  is  shown  in  the  cuts  where  the  time  lines  do  not  make  right 
angles  with  the  base  line. 
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U.  S.  p.  1900  MENSTRUA. 

Bv  H.  C.  Hamilton". 

(From   the   Research   Laboratory  of  Parke,  Davis   &   Company,   Detroit,  Midi.) 

It  seems  almost  superfluous  to  call  attention,  at  this  late 
date,  to  certain  points  in  the  8th  Revision  of  the  U.  S.  P.  which 
need  correction  in  the  forthcoming  9th  Revision.  Particularly 
does  it  seem  unnecessary  in  view  of  the  fact  that  the  objection- 
able features  to  which  this  article  alludes  have  been  pointed  out 
before  and  by  several  critics.  The  excuse  for  doing  so,  how- 
ever, if  any  is  necessary,  is  that  the  data  here  published  may  be 
of  value  to  those  who  have  under  consideration  for  the  9th  Re- 
vision of  the  Pharmacopoeia  the  menstrua  for  the  extraction  of 
the  digitalis  series  of  heart  tonics.  The  menstrua  to  which  we 
refer  are  for  the  preparation  of:  I,  F.  E.  Digitalis;  II,  F.  E. 
Squill;  III,  F.  E.  Convallaria. 

I.  The  first  two  of  these  were  referred  to  by  Houghton 
and  Hamilton^  in  the  following  words : 

"3.  Fluidextract  digitalis,  U.  S.  P.  8th  Rev.,  48  per  cent, 
alcohol. 

"Average  potency  of  eleven  samples  at  time  of  manufac- 
ture 55  H.  T.  U.  per  c.c.  Three  and  a  half  years  later  35 
H.  T.  U.     Average  loss  about  10  per  cent,  yearly. 

"A  \ery  important  point  should  be  noted  in  this  connec- 
tion, namely,  the  menstruum  adopted  in  the  last  U.  S.  P.  for 
the  preparation  of  fluidextract  digitalis  is  much  less  desirable 
than  the  U.  S.  P.  7th  Revision  in  at  least  two  respects.  Re- 
peated trials  show  that  it  is  almost  impossible  to  get  a  finished 
product  containing  the  full  number  of  H.  T.  U.  of  the  standard 
we  had  previously  adopted,  the  average  being  as  above  stated, 
55  H.  T.  U.  per  c.c,  while  with  the  drug  of  the  same  quality  when 
the  7th  Revision  menstruum  is  employed  no  difficulty  is  experi- 
enced. Owing  to  this  it  was  decided  to  no  longer  attempt  to 
assay  physiologically  the  8th  Revision  product  and  to  take 
such  statement  referring  to  it  off  the  label,  but.  in  order  to  sup- 
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ply  the  medical  profession  with  a  full  streiio:th  tluidextract  of 
the  drug,  it  was  decided  to  prepare  such  with  a  menstruum 
containing  a  larger  per  cent,  of  alcohol  which  could  be  assayed 
and  so  labeled.  In  the  second  place  the  loss  in  potency  of  the 
8th  Revision  is  about  10  per  cent,  per  year,  while  with  the  7th 
Revision  it  is  less  than  one-half  as  great,  or  about  4  per  cent. 
The  results  coincide  quite  closely  with  those  following  the 
change  made  in  the  menstruum  for  the  fluidextract  of  squill, 
except  that  the  loss  in  activity  was  greater  in  the  latter  drug,  as- 
pointed  out  by  Houghton-  three  years  ago.  In  this  paper  sev- 
eral methods  of  physiological  assay  showed  very  clearly  that  a 
serious  mistake  had  been  made  in  changing  to  acetic  acid  as 
a  menstruum.  The  writers  feel  certain  that  any  one  who  has 
tried  the  sth  Revision  menstruum  for  fluidextract  digitalis  has 
found  that  it  is  much  less  satisfactory  from  a  pharmaceutical 
point  of  view,  to  say  nothing  of  the  loss  in  potency." 

To  this  we  wish  to  add  data  since  obtained  on  F.  E.  Digitalis 
as  follows : 

Menstruum.  I'or  cent.  Activity. 

50  per  cent,  alcohol 100 

80  rer   cent,   alcohol 120 

The  above  samples  were  preijared  from  one  lot  of  drug, 
using  100  grams  and  extracting  until  exhausted. 

Another  small  sample  of  drug  carefully  extracted  by  both 
methods  and  tested  gave  results  as   follows: 

with  50  per  cent,  alcohol 110  per  cent,  of  staiulard. 

with  80  per  cent,  nlcoliol 140  per  cent,  of  -tandanl. 

A  sample  of  drug  extracted  with  several  strengths  of  alcohol 
ga\  e  the  following  results  : 

Mcnstruutn.  IV'-  cent.  Activity. 

04  per  cent,  akoliol 90 

75  i)er  cent,  alcohol 140 

Ull  per  cent,  alcohol 125 

50  per  cent,  alcoliol 110 

The  ffjllowing  t;ilile  siiows  the  te-t^  of  conimercial  lots  of 
1'".  v..  Digitalis.  V.  ">.  V.  sih  Ucv.  (a)  before  and  ( /> )  alter  an 
attiii!))!  to  ini])ro\e  the  i|ualit\    by  concentrating  the  extract. 


N'unibcr. 

1 
1 

(a) 
ib) 

2 
2 

3 
3 

4 

4 

(a) 

5 

5 

(b) 

Tested. 

8/4/9 
8/19/9 

Per  cent.  Acti 

85 
90 

7/20/9 
8/4/9 

85 
85 

3/4/9 
4/2/9 

60 
100 

1/31/8 
2/8/8 

80 
80 

5/23/7 
6/1/7 

75 
83 

Further  data  on  20  samples  of  the  preparation  show  results 
of  tirst  tests  ranging  from  oO  to  100  per  cent,  standard  and 
averaging  exactly  78  per  cent. 

The  standard  referred  to  is  the  average  activity  oljtained 
from  12  lots  of  crude  drug,  botanically  of  first  class  quality, 
selected  at  random  and  extracted  with  02. 7  per  cent,  alcohol, 
the  official  menstruum  of  the  U.  S.  P.  7th  Revision.  The 
activity  was  determined  by  the  frog  method  described  by 
Houghton-'  as  a  means  of  standardizing  the  heart  tonics  of  the 
digitalis  series.  In  that  article  attention  was  called  to  the  enor- 
mous variation  in  samples  of  the  crude  drug  for  sale  on  the 
open  market. 

The  \alre  of  such  a  method  is  also  shown  when  endeavoring 
to  extract  from  active  material  all  the  therapeutically  active 
substances  and  to  establish  by  experiments  on  other  than  the 
human  sul:)jcct  the  relative  activity  of  extracts  obtained  by 
means  of  various  menstrua. 

The  above  results  speak  for  themselves,  but  if  additional 
authority  is  needed  it  should  be  sufficient  to  note  that  the  men- 
strua for  making  tinctures  and  fluidextracts  of  digitalis  in  the 
official  Pharmacopoeiae  of  the  world,  specify,  almost  without 
exception,  a  percentage  of  alcohol  in  excess  of  that  official  in 
the  U.  S.  P.  8th  Revision.  The  menstruum  adopted  in  1906  by 
the  Brussels  Conference*  is  70  per  cent,  alcohol  and  it  is  to  be 
hoped  that  the  Revision  Committee  will  be  influenced  by  this  in 
adopting  an  official  menstruum  for  the  9th  Rev.  of  the  U.  S.  P. 

II.  As  noted  before  in  the  abstract  from  the  American 
Journal  of  Pharmacy^  a  mistake  was  certainly  made  in  adopt- 
ing for  the  preparation  of  F.  E.  Squill,  U.  S.  P.,  8th  Rev.,  a 
menstruum  composed  of  a  10  per  cent,  solution  of  Acetic  Acid. 


This  is  so  far  from  being  ideal  for  extracting  the  active  sub- 
stances from  Squill  bulb  that  it  is  practically  impossible  to 
prepare  an  extract  representing  the  activity  of  the  crude  drug. 

Comparison  of  the  activity  of  F.  E.  Squill,  U.  S.  P.,  1890 
and  1900,  was  made  by  Houghton'"  as  follows : 

"Comparative  Strength  of  Fluid  Extract  of  Squill  Prepared 
from  the  Same  Lot  of  Drug  According  to  the  United  States 
Pharmacopoeia  of  ISOO  and  1900: 

"1  U.S.P.,  1890,  140  ])cr  cent,  as  active  as  standard  Huid  extract. 

"2  U.S. P.,  1890,  140  per  cent,  as  active  as  standard  fluid  extract. 

"3  U.S.?.,  1900,    60  per  cent,  as  active  as  standard  fluid  extract. 

"4  I'.S.P.,  1900,    60  per  cent,  as  active  as  standard  fluid  extract. 

"It  may  be  observed  that  activity  of  both  products  is  high  as 
compared  with  the  results  given  in  Table  2.  This  probably  is 
due  to  the  great  care  exercised  completcl\-  to  cxliarst  the  drug 
and  to  the  high  quality  of  the  drug. 

"In  order  to  meet  any  objections  that  might  he  offered 
against  the  results  as  shown  by  the  special  niethcid  (if  assay 
employed,  the  work  was  checked  1;\-  c'X])crimcnts  on  dogs  show- 
ing the  comparative  activity  of  tlic  two  ])rodiicts  in  producing 
changes  in  the  blood-pressure,  wliich  is  perhajjs  the  most 
characteristic  physiologic  action  of  the  nKiubcrs  of  the  digi- 
talis series." 

The  results  of  the  latter  ex])eriments  are  here  recoriKd  in 
tabular  form  for  more  convenient  reference. 

Ex  PER  I  Mi;  .NT    1. 

F.  r-:.  s.iiiiii.  u.  s.  p.,       I'.  E.  S(|iiiii.  i'.  s.  iv, 

lS!)n.  iiioii. 

Before  .After 

injection.         nijeclion.  Hcfdn  .\ftir. 

Pulse    Rate    100  %  1 U.  l,iS 

Blood-pressurc    46  .^4  4S  45 

In  this  experiment  n.;;  c.c.  1".  i:,  S<|uill.  I'.  S.  I'..  1S90,  was 
injected  at  10. IT)  .\..\i.  iiUo  the  femoral  \ein  of  an  anaesthetized 
dog.  Then  at  '.'.II  I'..m..  when  the  clfrrl  of  the  first  injection 
had  pas.'ied,  the  same  amoinit  <>\  I',  f..  Sqnill,  l'.  S.  I'..  IDOO, 
was   injected. 

In  the  ^i-con<l  (.■.xinTiment  llic  orcK'i-  of  injrclioii  was  re- 
versed, ;inolht'r  dog  being  iisi'd  for  the  Ic^t,  and  \\\v  same 
amount   of  latli   pia  paration   injected. 


Experiment  II. 

F.   E.  Squill,  U.   S.  P.,         V.  E.  S.iuill,  U.  S.  P.. 
1900.  ISt'O. 

Before.  After.  P.efore.  .Xfter. 

Pulse    Rate 102  144  100  94 

Blood-pressure  47  46  52  50 

Note. — In  both  cases  the  U.  S.  P.,  1900,  preparation  in- 
creased the  rate  and  lowered  the  pressure.  This  is  directly 
opposite  in  effect  from  the  characteristic  action  of  the  heart 
tonics  in  general  and  from  that  of  the  F.  E.  Squill,  U.  S.  1^., 
1890,   from  the  same  drug. 

In  this  case  again  a  stronger  alcohol  is  better.  If  the  drug 
is  finely  ground  and  extracted  with  menstrua  containing  GO 
per  cent,  or  less  of  alcohol,  it  swells  so  that  percolation  is  either 
entirely  or  almost  prevented.  It  becomes  necessary  either  to 
cut  the  bulb  without  grinding  or  to  mix  with  sawdust  in  order 
to  have  it  sufficiently  open  to  percolate  properly.  An  additional 
objection  is  in  the  large  amount  of  gummy,  water-soluble  ex- 
tractive obtained  with  such  menstrua.  A  fluid  extract  of  better 
appearance,  better  keeping  quality  and  containing  practically 
all  the  available  activity  of  the  drug,  can  be  obtained  by  the  use 
of  80  per  cent,  alcohol.  Repeated  experiments  have  shown  the 
excellence  of  this  menstruum  over  that  of  the  7th  or  8th  Re- 
visions of  the  U.  S.  P. 

III.  Fluid  Extract  Convallaria,  U.  S.  P.,  1900,  is  not  so  open 
to  criticism  as  the  others,  but  the  menstruum  is  not  entirely 
satisfactory.  There  are  certain  advantages  to  be  gained  by 
using  a  stronger  alcoholic  menstruum  than  that  prescribed  in 
the  8th  Revision  U.  S.  P.  While  these  advantages  are  more 
apparent  when  experiments  are  conducted  on  a  manufacturing 
scale  than  when  small  experimental  lots  of  fluid  extract  are 
prepared,  even  in  the  latter  case  the  advantages  are  very  real. 

Several  experiments  have  been  carried  out,  of  which  the 
following  is  used  as  an  example : 

A  small  lot  of  drug  was  divided  into  two  portions,  one  of 
which  was  extracted  as  prescribed  in  the  U.  S.  P.,  namely,  with 
62.7  per  cent,  alcohol,  the  other  with  80  per  cent,  alcohol.  These 
extracts  were  carefully  concentrated  to  fluid  extract  volume  and 
tested  for  activity  by  the  method  previously  cited,  with  the 
following  results : 
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Menstruum.  Per  cent.  Activity. 

62  per  cent,  alcohol  100 

SO  per  cent,  alcohol  120 

The  advantages  to  be  gained  from  using  a  stronger  alcoholic 
menstruum  tor  extracting  cavallaria  roots  and  rhizome  are  not 
merely  the  greater  activity  obtainable,  but  in  the  improved  ap- 
pearance of  the  extract  and  its  greater  stability.  It  contains 
less  of  the  gummy  extractives  and  more  alcohol,  l:oth  of  which 
are  desirable  features,  as  they  affect  deterioration,  while  the  20 
per  cent,  increase  in  acti\it\-  from  the  use  of  SO  per  cent,  alcohol 
is  no  less  desirable. 

It  is  to  be  hoped  that  those  in  charge  of  revising  the  forth- 
coming U.  S.  Pharmacopoeia  will  consider  these  suggestions. 

I.ITKU.XTIKI-:   t  ITF.D. 

^American   Journal  of  Phaniiacy,  October,   1!Mi!). 
-Jour.   American   Medical  Assn.,   June   T?,    lOOi;. 
=•/&/(/., 'Septemhtr   11,   1897. 
^Oscar  Oldbcrg,  "Pharmacy,"  pp.   '>7-M. 
"Jour,  .'Inierican   Medical  .-is.t'n.   May    I-.'.    I'.hm;. 
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The  exchange  of  metabolic  products  within  the  organism  is 
to  a  large  extent  affected  by  the  blood  and  lymph,  so  that  both 
may  be  looked  upon  as  the  transmitters  of  ferments  and  their 
products  from  tissue  to  tissue,  and  any  changes  from  the  usually 
prevailing  conditions  have  in  turn  their  influence  upon  the  cells 
of  the  blood,  so  that,  from  the  picture  which  the  blood  presents, 
we  are  able  to  gauge  the  course  of  certain  diseases. 

Many  of  the  acute  infectious  diseases,  as  well  as  those  which  have 
severe  chronic  disturbances  of  nutrition  and  metabolism  in  common,  have 
their  influence  upon  the  blood.  Thus  every  process  of  infection  and  in- 
toxication is  to  a  certain  degree  a  picture  of  the  destruction  of  the  white 
cells,  peculiar  to  that  process.  This  destruction  is  in  proportion  to  the 
severity  of  the  infection  or  intoxication;  to  the  specific  action  of  the  in- 
fecting or  intoxicating  agent  on  the  blood,  and  blood  forming  organs  ;  and 
to  the  resistance  of  the  organism. 

The  observation  that  the  number  of  the  white  blood  corpuscles  was 
frequently  increased  in  cancer  has  been  made  by  numerous  observers. 
Andrae  (1)  was  perhaps  the  first  who  recognized  the  leucocytes  in  the 
abnormally  increased  number  of  cells.  The  findings  of  Andrae  were  con- 
firmed by  Vidal  (2)  and  a  number  of  other  French  observers.  More 
detailed  observations  on  this  subject  were  made  by  Liicke  (3),  who  con- 
cluded that  this  increase  in  the  number  of  leucocytes  in  cancer  was  a  sign 
that  the  disease  had  become  general  and  involved  the  entire  body. 
Neubert  (4)  was  unable  to  find  any  cardinal  changes  in  the  number  of 
leucocytes.  He  noted,  however,  that  the  numerical  relationship  between 
the  mononuclear  and  polynuclear  forms  of  white  blood  cells  had  been 
shifted  in  favor  of  the  polynuclear  cells.  Very  exact  data  concerning  the 
occurrence  of  leucocytosis  in  cancer  are  found  in  the  observations  of 
Hayem  and  Alexander  (5).  These  authors  noted  that  not  all  cases  ot 
carcinoma  and  sarcoma  of  various  organs  were  accompanied  by  a  leuco- 
cytosis.    In  ten  of  the  fourteen  cases  of  scirrhous  growths,  and  in  five  out 


of  twelve  cases  of  cancer  of  the  stomach  a  leucocytosis  was  observed. 
The  relationship  which  possibly  exists  between  the  seat  of  the  tumor  and 
its  histological  structure  is  not  considered  by  them.  Schneider  (6)  cites 
twelve  cases  of  cancer  of  the  stomach,  in  all  of  which  leucocytosis  was 
present,  while  Laache  (7)  was  unable  lo  find  any  in  the  five  cases  he 
reported.  In  a  series  of  forty-six  cases  of  cancer  of  the  stomach  cited  by 
Cabot  (8),  fifteen  showed  leucocytosis  and  thirty-one  showed  none.  "In 
some  of  the  cases  the  counts  were  \crific(!  by  repeated  examinations,  while 
in  others  only  a  single  count,  that  made  wlun  the  patient  entered  the  hos- 
pital, was  recorded."  An  equal  divergence  of  opinion  exists  in  regard 
to  the  leucocyte  count  in  cases  where  the  malignant  new  growth  involved 
other  organs.  Thus  Hayem  was  unable  to  note  an  increase  in  the  number 
of  leucocytes  in  6  cases  of  cancer  of  the  uterus,  whereas  Rieder  found 
30,800  in  a  single  case,  and  Cabot  cited  three  cases  each  showing  distinct 
leucocytosis.  One  may  conclude  from  these  reports  that  leucocytosis  is 
the  rule  in  carcinoma,  but  that  there  are  many  exceptions,  and  that  the 
leucocytosis  is  in  proportion  to  the  malignancy,  to  the  rapidity  and  the 
extent  of  the  growth  of  the  tumor.  Factors  which  govern  the  degree  of 
leucocytosis  seem  to  be  tlie  position  of  the  tumor,  the  resistance  of  the 
individual,  the  daily  variations  in  the  growth  of  the  tumor  as  well  as 
tlie  liberation  of  the  metabolic  products  from  it,  which  carried  by  the  blood 
stream  may  influence  the  blood-forming  organs. 

The  location  of  the  tumor  determines  to  a  considerable 
degree  the  facility  with  which  the  products  of  metabolism  of 
the  cancer  cell  enter  the  blood  or  lymph  stream.  Enzymes,  lib- 
erated through  the  brcakiiit,^  down  of  the  lumor  cells,  find  their 
way  into  the  circulation  and  slimulatc  the  formation  of  other 
ferments  in  the  organism.  While  cancer  tends  to  increase  in 
size,  invading  the  surrounding  tissues,  its  rate  of  growth  is  not 
uniform,  periods  of  slow  and  rapid  t^rowlli  alternate  witii 
periods  during  which  growth  >cenis  to  be  entirely  arrested,  or 
we  may  even  note  retrogression  of  the  tumor  in  certain  parts 
with  rapid  development  in  others  at  the  same  time.  I'"urther- 
more,  on  account  of  ihr  aluionnal  mcia1:olism  of  the  cancer  cell, 
proflucts  of  this  nielai)olic  action  are  discharged  into  the  blood, 
which  may  to  a  large  extent  can^e  an  increase  in  certain  white 
blood  cells.  This  possibility  has  been  ad\anix(l  by  Aleltzer  {!)), 
who  observed  that  there  is  a  dilTerence  in  iln  ferment  between 
the  leucocytes  and  the  l\niphocyles,  since  the  one  acts  in  alka- 
line, the  other  in  acid  media,  an<l  that  there  might  be  some 
definite  relation  between  certain  rondilions  of  aridity  and  lym- 
phocytosis. 
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In  the  histological  study  of  retrograding  tumors  in  mice  (10)  one  is 
impressed  by  the  large  amount  of  round  cell  infiltration  at  the  margin  of 
the  tumor  and  along  the  strands  of  actively  proliferating  connective  tissue, 
which  may  be  observed  dipping  into  the  tumor  undergoing  retrogression. 
This  preponderance  of  small  round  cells  about  the  margin  of  such  tumors 
has  also  been  observed  by  von  Hanseman,  Wisnieski  and  recently  again 
by  Da  Fano  (11),  who  points  out  that  the  development  of  tumor  immunity 
is  coincident  with  a  general  reaction  of  the  connective  tissue  throughout 
the  organism.  Tlic  polynuclcar  leucocytes  appear  first  at  the  place  of  the 
implanted  tumor,  where  under  aseptic  conditions,  without  showing 
phagocytic  activity,  they  undergo  degeneration.  The  lymphocytes  then 
appear  in  large  numbers  around  the  inoculated  tumor  to  diminish  again 
gradually  after  immunity  is  established.  That  the  leucocytes  seem  to  be  in 
a  close  relationship  to  the  development  of  tumor  immunity  is,  further- 
more, shown  by  the  fact  that  the  inoculation  of  dead  tumor  cells  is  fol- 
lowed neither  by  this  round  cell  infiltration  nor  by  the  development  of 
tumor  immunity. 

To  determine  whether  the  growing  or  retrograding  neoplasm 
had  any  influence  on  the  ratio  of  the  white  blood  cells,  total  as 
well  as  differential  counts  were  made  in  mice  inoculated  with 
transplantable  tumors,  and  on  two  spontaneous  tumor  mice 
found  among  our  own  stock  in  the  course  of  these  experiments. 
A  total  as  well  as  differential  blood  count  was  made  on  each 
mouse  before  inoculation.  The  blood  for  the  succeeding  daily 
differential  counts  was  taken  each  morning,  and  was  obtained 
by  cutting  off  a  small  portion  of  the  tail  of  the  animal.  The 
second  or  third  drop  of  blood  was  used  for  making  the  blood 
smear.  The  wound  was  sealed  by  a  cautery  to  prevent  infec- 
tion. The  smears  were  stained  with  the  Wright's  modification 
of  Jenner's  stain.  In  the  early  experiments  500  cells  were 
counted  from  each  preparation,  later  200  cells.  The  cells  counted 
were  the  polymorphonuclear  leucocytes,  small  mononuclear  lym- 
phocytes, large  lymphocytes  and  eosinophiles.  The  counts  from 
day  to  day  were  tabulated  and  the  percentages  of  the  polymor- 
phonuclear leucocytes  and  small  lymphocytes  were  plotted.  The 
large  lymphocytes  and  eosinophiles  were  not  included  in  the 
charts  to  avoid  making  them  too  complicated. 

The  number  of  mice  used  in  the  individual  experiments  was 
small,  because  a  small  number  of  animals  could  be  kept  under 
better  observation,  and  it  was  thought  best  to  allow  a  long  period 
of  time  for  this  work,  so  that  the  effect  of  the  variation  in  the 


virulence  of  the  tumor  might  be  noted.  In  all  about  50  mice 
served  as  a  basis  for  these  experiments,  which  extended  over  the 
period  of  one  year.  The  tumors  used  for  transplantation  were 
tested  in  each  instance  for  sterility  by  means  of  smears  and  cul- 
tures, as  were  also  a  large  number  of  tumors  of  these  mice  at 
the  time  of  their  death,  for  the  purpose  of  excluding  any  error 
of  variation  in  the  blood  counts  due  to  terminal  infection.  The 
tumors  were  charted  every  other  day  to  note  any  change  in  their 
size  and  rate  of  growth. 

From  the  experiments  forming  the  basis  for  this  communi- 
cation, the  records  of  four  have  been  selected  as  representative 
of  the  possible  fate  of  the  transplanted  tumor  material.  In  the 
first  experiment  we  have  a  non-take,  in  the  second  a  rapid  tumor 
development  following  inoculation,  in  the  third  is  brought  out 
spontaneous  retrogression,  while  the  fourth  experiment  permits 
of  comparing  the  changes  of  the  differential  blood  count  with 
the  actual  blood  counts  on  the  dates  indicated. 

The  differential  blood  counts  done  on  the  spontaneous  tumor 
mice  do  not  vary  from  those  observed  in  inoculated  mice. 

Experiment  I.     Serial  No.  22.     Alay  17,  1911. 

Mouse  tumors  20  F  and  G  employed  for  inoculation.  Weight  of  mice 
16.5  gr.  and  17.5  gr.  respectively.  Weight  of  tumors  1.1  gr.  and  2.1  gr. 
respectively.  Age  of  tumors  (time  elapsed  from  date  of  inoculation  to 
May  17th),  9  days. 

Ratio  of  tumor  to  salt  solution  1  :3,  dose  0.5  ccm. 

Two  mice  were  inoculated  and  were  kept  under  observation  from 
May  17tli  until  June  17th,  1911.  No  tumor  developed,  although  the  lot 
from  which  these  tumors  were  taken  gave  a  yield  of  11%. 


Both  charts  exhibit  a  fall  of  the  small  mononuclear  lympho- 
cytes and  a  rise  of  the  polymorphonuclear  leucocytes.  This  fall 
in  the  number  of  the  mononuclear  lymphocytes  is  noticeable  at 
once,  following  the  inoculation,  and  the  divergence  in  the  quali- 
tative ratio  of  these  two  blood  constituents  increases  from  10 — 
13  days  after  inoculation,  to  be  followed  by  a  rise  in  the  small 
lymphocytes  and  a  drop  in  the  polymorphonuclear  leucocytes. 
The  length  of  time  required  for  the  absorption  of  the  inoculated 
tumor  material  i?  about  the  same,  while  the  rate  of  absorption  is 
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not  uniform,  as  appears  in  the  chart  of  22A  from  May  23rd  to 
31;  and   from  May  20th  to  25th  in  the  chart  of  mouse  22B. 


Fig.  1. 


Fig.  2. 


Small  Mononuclear  Lymphocytes 
Polymorph.  Leucocytes 
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The  mice  happened  to  be  immune  to  this  strain  of  tumor,  for  no 
tumor  developed  after  reinoculation  on  June  18th. 

Experiment  II.    Serial  No.  38.   June  27,  1911.    (See  Plate  I,  p.  19.) 

Mouse  tumor  32  D  employed  for  inoculation.  Weight  of  mouse  28.5 
gr.  Weight  of  tumor  5.6  gr.  Age  of  tumor  (time  elapsed  from  date  of  in- 
oculation to  June  27th,  1911),  25  days. 

Ratio  of  tumor  to  salt  solution  1 :3;  dose  0.5  ccm. 

Three  mice  were  inoculated. 


Letter 

Died 

Weight 

of 

Remarks 

Animal 

Tumor 

A 
21  0  gr. 

B 
21.0  gr. 

24  0  gr. 

7/10/11 

7/20/11 
7/22/11 

22.0 
26.1 
25.6 

i 

8.55 
8.61 

Large  tumor;  about  8.0  gr. 

As  appears  from  the  above  records,  all  three  mice  developed 
large  tumors  which  grew  very  rapidly,  killing  the  mice  in  13,  23 
and  25  days  respectively.  Mouse  A  was  decomposed,  so  that  it 
was  impossible  to  perform  an  autopsy.  Mice  B  and  C  were 
autopsied  and  cultures  were  made  from  the  tumor  and  liver  on 
agar-agar  and  bouillon  which  were  sterile  after  24  hours"  incu- 
bation. 


Fig.  3. 
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As  in  charts  1  and  2,  the  above  charts  cxiiibit  the  same  de- 
crease in  the  mononuclear  lymphocytes  and  the  increase  in  the 
polymorphonuclear  leucocytes  following  the  inoculation.  How- 
ever, the  lines  continue  to  diverge  as  the  tumor  cells  injected 
begin  to  multiply,  giving  rise  to  a  tumor  weighing  at  least  eight 
grams  in  each  of  the  three  mice  inoculated.  That  the  decrease 
in  the  small  mononuclear  lymphocytes  is  not  relative,  but  actual. 
appears  from  the  blood  count  made  on  mouse  C  the  day 
before  it  died.  The  total  number  of  red  cells  had  fallen  from 
10,410,000  the  day  before  inoculation  to  2.528,00(1;  and  the  Int.d 


number  of  white  blood  cells  had  risen  from  14,500  to  24,920. 
The  number  of  polymorphonuclear  leucocytes  the  day  before 
the  inoculation  was  123  out  of  438  cells  counted,  or  28.08%, 
and  that  of  the  small  lymphocytes  was  220,  or  50.22% ;  while 
the  day  before  the  animal  died  the  number  of  polymorphonu- 
clear leucocytes  was  327  out  of  532  cells  counted,  or  fil.46%, 
and  that  of  the  small  lymphocytes  was  83,  or  15.6%.  For  the 
charting-  of  the  tumors  see  Plate  I,  p.  19. 

Experiment  III.    Serial  No.  49.    August  17,  1911.    (See  Plate  II,  p.  19.) 

Mouse  tumor  employed:  41  B.     Weight  of  mouse:  25.0  gr.     Weight 
of  tumor  :  4.0  gr. 

Age  of  tumor  from  inoculation  to  death :  31  days. 
Ratio  of  tumor  to  salt  solution  1  :3.    Dose :  0.5  ccm. 


Letter 

Died 

Weight 

of 

Animal 

Tumor 

A 

22.0 

j 

19.0 

7.3 
6.0 

Last  charting  11/14/11.   Tu- 
mor was  absorbed.  Released 
11/14/11. 

25  gr. 
B 

10/21/11 

23  0  gr. 

c 

26.0  gr. 
D 

9/9/11 

11/14/11. 

18.0  gr. 

Fig.  6. 
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As  pointed  out  in  the  two  preceding  experiments,  there  is  an 
initial  rise  in  the  number  of  polymorphonuclear  leucocytes  and 
a  fall  in  the  small  mononuclear  lymphocytes  following  the  inocu- 
lation. Mouse  49A  did  not  develop  a  tumor.  The  injected 
tissue  was  entirely  absorbed  September  9th;  19  days  after  inocu- 
lation. The  charting  of  the  blood  findings  of  this  animal  shows 
a  decided  increase  of  the  small  mononuclear  lymphocytes  with 
a  corresponding  decrease  of  the  polymorphonuclear  leucocytes. 
(See  Fig.  G.) 

Mouse  49  B  was  under  observation  from  August  fifteenth  until  Octo- 
ber twentieth.  On  September  the  fifth,  there  was  a  notable  fall  in  the 
number  of  polymorphonuclear  leucocytes  and  a  rise  in  the  number  of 
small  mononuclear  lymphocytes.  This  relationship  between  the  two 
classes  of  blood  cells  continued  until  September  twenty-third,  after  which 
there  was  a  constant  divergence  in  the  numerical  ratio  of  these  cells.  The 
charting  of  this  tumor  shows  that  it  diminished  in  size  during  this  period 
and  that  it  increased  after  September  twenty-seventh,  until  it  caused  the 


Small  Mononuclear  Lymphocytes 
Polymorph.  Leucocytes 


death  of  tile  animal  October  twenty-first.  Tiie  lines  represenling  the  ratio 
of  the  small  mononuclear  lymphocytes  and  the  polymorphonuclear  leuco- 
cytes diverge  and  in  this  respect  arc  nmilar  to  those  of  Exp.  II,  Figs.  1, 
2.  3.     (Sec  Fig.  7.) 
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Mouse  49  C  developed  a  tumor  five  days  after  inoculation.  This 
tumor  grew  rapidly  until  on  August  30  it  weighed  about  4.0  gr.  The  tumor 
then  retrograded  spontaneously,  and  on  September  12  it  had  entirely  dis- 
peared.  It  is  of  interest  to  note  that  the  small  mononuclear  lymphocytes 
decreased  during  the  period  of  active  tumor  growth  while  the  poly- 
morphonuclear leucocytes  increased,  and  that  shortly  before  the  retro- 
gression of  the  tumor  became  noticeable  the  relationship  between  these 
two  classes  of  cells  was  entirely  changed.     (See  Fig.  8.) 


Fig.  8. 
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Mouse  49  I)  developed  a  tumor  which  grew  unintorrui)tc(liy  until  it 
caused  the  death  of  the  animal  31  days  after  inoculation.  The  chart  of 
the  variation  of  the  two  classes  of  blood  cells  is  very  much  like  those  of 
Exp.  I,  Figs.  1  and  2.     (See  Fig.  9.) 


Experiment  IV.     Serial   No.  72.     Deccnil 
(See  Plate   111,  il   V>.) 


4.    1''12. 


Mouse  tumor  employed  70  E.  W  cigiit  of  mouse  23.5  gr.  Weight  oi 
tumor  2.0  gr. 

Ratio  of  tumor  to  salt  solution  1  -.2.     Dose  0.5  c.c. 

Cultures  made  from  the  tumor,  liver  and  spleen  of  this  mouse  were 
sterile.     Five  mice  were  inoculated  from  this  tumor. 


Letter 

Died 

Killed 

Weight  of 

Animal 

Tumor 

A  9 
23  0  gr. 

1/3/12 

30.0 

13  0 

9  0  gr.  of  this  tumor  had 
grown  by  infiltration  into 
the  abdominal  cavity.  This 
tumor  involved  the  right 
kidney  and  the  muscles  of 
the  back.  Culture  from 
tumor  sterile. 

17.2  gr. 

12/30/11 

24.0 

8.5 

The  tumor  at  the  root  of  the 
tail  had  broken  through 
12/26/13.  The  death  of  this 
mouse  may  have  been  due 
to  intercurrent  infection. 
Cultures  from  tumor  not 
sterile. 

c  $ 

2/3/12 

23.0 

7.0 

Culture  from  tumor  sterile. 

23.8  gr. 

D  9 

2/23/12 

23.5 

5.5 

Culture  from  tumor  sterile. 

22.9  gr. 

20.0  gr. 

3/1/12 

30.0 

12.5 

This  mouse  drowned  in  the 
drinking  cup.  Cultures  from 
tumor  sterile. 

In  the  course  of  these  experiments  the  question  arose  whether 
the  variations  observed  in  the  differential  blood  counts  of  the 
white  cells  might  not  be  relative  only.  To  determine  this,  total 
blood  counts  were  made  about  every  five  days.  The  blood  counts 
in  the  animals  developing  cancer  showed  an  actual  decrease  in 
the  red  cells  and  an  increase  of  the  white  cells.  Judging  from 
the  results  of  these  counts  the  leucocytosis  is  actual.  The  fol- 
lowing table  gives  the  blood  counts  of  Exp.  IV,  Serial  No.  72, 
and  may  serve  as  an  illustration  of  the  blood  findings  in  the 
other  experiments. 


Exp.  IV.     Serial  No.  12. 


72  A 

72  B 

72  C 

T2E 

Date 

Reds 

Whites 

Reds 

Whites 

Reds 

Whites 

Reds 

Whites 

12/4/11 

I»  150,000 

12,000 

9,600.000 

10,000 

11,700.000 

11,0(X1 

10.800,000 

9,000 

12  •9/11 

M  :«0,000 

16,000 

10,800,000 

13,000 

11,100  (XK) 

10,000 

li\280,000 

10,000 

12/12  11 

10.190.000 

19,000 

9.400,000 

19,000 

11  .500,000 

11,000 

10,100,000 

12,000 

12/lfi'll 

s:i00,000 

17,000 

6,100,000 

16,000 

9,.S00,000 

12,000 

lOlW.OOO 

16,000 

12,21  11 

7.600,000 

20,000 

4,560,000 

19,000 

7,300,000 

17.000 

8.100,000 

15,000 

12-27  11 

5,900,000 

21,000 

4,360,000 

22,000 

8,1)00.000 

15,000 

8,.300,000 

14,000 

12/:«)/ll 

4,470.000 

2:^,000 

8,400,000 

18,000 

8  .320,000 

17,000 

1/2/12 

7,120,000 

19,000 

7,600,000 

16,000 

1/5/12 

7,370,000 

19,000 

(!,260,000 

17,000 

1/11/12 

.5,940,000 

21,000 

6.000,000 

18,000 

1/16/12 

8,()70,000 

22,000 

7,.500,000 

18,000 

1/20/12 

7,150,000 

23,000 

7,400,000 

20,009 

1/25/12 

5,290,000 

24,000 

6  (WO  000 

21,000 

1/31/12 

4  470,000 

•2.5,000 

5,390,000 

20,000 

2/2/12 

2,.50(),000 

27,000 

4,780,000 

22,000 

2A/12 

2.;»o,ooo 

21,000 

2/13/12 

3.200,000 

23,000 

2/19/12 

• 

.... 

3.800,000 

23,000 

The  polymorphonuclear  leucocytes  and  mononuclear  lympho- 
cytes showed  the  following  percentage  variations  on  the  days 
complete  counts  were  made  on  four  of  the  mice  of  Experi- 
ment IV. 


12/4/11 

12/9/11 

12  12/11 

12/16/11 

12/21/11 

12/27/11 

12/.i0/ll 

1  2  12 

1/5  12 

1/11/12 

1/10/12 

1/20/12 

1/25/12 

1/31/12 

2/2/12 

2/7/12 

2/13/12 

2/19/12 


Exp  IV.     72  A 


o  Z 


12,00]  43.8 
16,0fl0  I  55.8 
19, Wi      52  7 


20,010 
21,<'0;j 
23,000 


60.0 
52.4 
05.6 


34.9 
24.4 
15  2 
22.2 
2;{.9 
21.8 
22.7 


10,000 
13.000 
19000 
16  000 
19  000 
22,000 


;5C| 


II 


^ 

11,000 
10,00") 
11.000 
12,000 
17,0(J0 
15,001' 
18,000 
19,000 
19,0  KJ 
21  000 
22.000 
23.000 
24,000 
25,000 
27.000 


E 

38.0 
53.1 
61.1 
46.2 
35.2 
44.1 
42  7 
41.2 
44.1 
50.0 
614 
57.4 
61.5 
64  3 
68.6 


'Or 


^  o  o   =.= 
a=  °  c  s 


21.9  9,000  I 
20  9  1  10.000  I 
1.5.S   iL'.(iiii) 


40.1 
54.1 


^'E- 


2.3  .5 

ll,uuo 

.V)  .3 

3.3.4 

1  17,000 

42.6 

31.3 

!  16.0IKI 

49.5 

20.1 

17.000 

15  4 

2.3.7 

18,(0J 

40  1 

23.4 

1  18,000 

64  8 

14.4 

120.000 

57.3 

22.6 

21,0(K) 

45.4 

2.3.7 

20,000 

67.9 

179 

22:000 

01.9 

1  21,000 

61.0 

23.<00 

0:3.8 

23.000 

72.3 

24  6 

2.3  1 


21  3 
31  3 
27  6 
24  8 
22.4 
21.9 
15.6 
17.5 
10.5 
19.5 
21.5 
2.3  9 
8.5 


The  percentages  of  large  lynii)liocytcs  and  eosinopliile; 
been  omitted. 


have 
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Fig.  10 
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Small  Mononuclear  Lyniphoc\tcs 
Polymorph.  Leucocytes 


Small  Mononuclear  Lymphocytes 
Polymorph.  Leucocytes 


Fig.  12. 
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aiiiall  Mononuclear  I.iimilioci'tc.> 
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'Jlif  two  spontaneous  liuiior  niicc  wliicli   were   fomid   in  »iur 
own   st(j(-k   of  breeding  mice   and    included   in   this  coniiuunica- 


tion  presented  the  same  characteristic  relationship  between  the 
polymorphonuclear  leucocytes  and  the  small  mononuclear  lym- 
phocytes already  observed  in  mice  inoculated  with  transplant- 
able tumor.  The  two  spontaneous  tumors  were  also  of  the  adeno- 
carcinomatous  type.     (See  Figs.  15  and  16.) 


Fig.  15. 


Fig.  16. 
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ZUSAMMENFASSUNG. 

(1)  Die  Anwesenheit  des  Carcinoms  ini  Organismus  der 
Mause  verschiebt  das  numerische  Verhaltnis  der  polynuklearen 
Leukocyten  zu  den  kleinen  mononuklearen  Lymphocyten. 

(2)  Die  Leukocytose  scheint  in  Mausen,  die  von  einem  aktiv 
wachsenden   Carcinom  befallen  sind,  konstant  zu  sein. 

(3)  Stillstand  im  Tumorwachstum  oder  spontane  Heilung 
gehen  mit  der  Verminderung  der  Leukocytose  und  der  Zunahme 
der  kleinen  mononuklearen  Lymphocyten  Hand  in  Hand. 

(4)  Dieselben  Verhaltnisse  finden  sich  auch  in  Mausen, 
die  von  spontanem  Adenocarcinom  befallen  sind. 

(5)  Ob  die  Lymphocytose  und  die  Riickbildung  in  einem 
kausalen     A'erhaltnisse     stehen,     kann    nicht    mit     Bestimmtheit 


angenommen  werden,  da  Lymphocytose  oft  in  rapider  Kon- 
valeszenz  von  solchen  Krankheiten  beobachtet  wird,  die  durch 
\^erminderung  der  Lymphocyten  gekennzeichnet  sind.  Die 
Lymphocytose  scheint  ein  Aiisdruck  erneuerter  physiologischer 
Aktivitat  des  Korpers  zu  sein.  welche  durch  die  formative 
Hyperaziditat  bedingt  wird. 
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A  STUDY   OF   THE   GERMICIDAL   ACTION    OF 
THE  ULTRAVIOLET  RAYS. 

E.    M.    HOUGHTON,   M.D.,   and   LEWIS   DAVIS,    M.S. 

(I'rom  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  Mich.) 

Read    before    }be    Laboratory    Section,    American    Public    ITeallh    Association,    Colorado 
Springs,    September,   1913. 

I.   Introduction. 

The  possiliility  of  employing  ultraviolet  light  as  a  sterilizing 
agent  has  received  much  attention  within  the  past  few  years, 
])articularly  in  respect  to  drinking  water.  It  has  been  found  that 
(luantities  of  water  as  large  as  600  litres  an  hour  have  been  ren- 
dered bacteria-free  without  difficulty,  by  exposure  to  the  rays  in 
one  of  the  forms  of  apparatus  now  on  the  market  for  this  pur- 
l)ose^  (Westinghouse-Cooper-Hewitt).  The  cost  and  main- 
tenance of  the  apparatus  are,  as  yet,  above  the  point  where  the 
process  can  enter  into  active  competition  with  other  forms  of 
large-scale  water  purification,  but  for  smaller  installations  it  has 
proved  successful. 

With  liquids  other  than  water,  such  as  milk,  beer,  vinegar, 
etc.,  it  has  thus  far  been  possible  to  obtain  only  a  partial  germi- 
cidal action.  The  applicability  of  the  ultraviolet  rays  in  steriliz- 
ing such  substances  as  bacterial  vaccines,  bouillon,  alkaloids,  etc., 
has  been  studied  but  little.  This  investigation  was,  therefore, 
undertaken  with  the  view  of  ascertaining  the  action  of  ultra- 
violet light  particularly  on  these  substances. 

.\  resume  of  the  more  important  work  in  this  field  of  steri- 
lization shows  that  physical  considerations,  especially  the  distance 
of  the  liquids  to  be  treated  from  the  source  of  light,  also  the 
thickness  of  the  liquid  layers,  maintain  considerable  influence. 
Cernovodeanu  and  Henri ,^  who  were  among  the  earliest  workers 
in  this  line,  found  that  with  bacterial  emulsions  the  germicidal 
action  of  the  ultraviolet  rays  decreases  more  quickly  than  the 
reciprocal  value  of  the  square  of  the  distance  of  the  liquids  from 
the  source  of  light.  They  also  found  the  bactericidal  action  to  be 
much  stronger  in  a  layer  of  liquid  25  cm.  in  thickness  than  in  one 
of  2  cm.    It  did  not  change  with  a  rise  in  temperature  between 
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0°  and  55°.  In  general,  with  water,  no  chemical  or  physical 
changes  were  observed,  except,  at  most,  a  small  rise  of  tempera- 
ture on  extended  action.  Essentially  the  same  conclusions  were 
arrived  at  in  experiments  conducted  by  the  Royal  German  Ex- 
periment Station^''  and  Courmont,  Nogier,  and  Rochaix-'^  in  their 
investigation  as  to  the  presence  of  peroxide  in  water  sterilized 
by  ultraviolet  light.  Henri,  Helbronner  and  de  Recklinghausen," 
in  a  study  of  the  sterilization  of  large  quantities  of  water  by  the 
rays,  point  out  the  need  of  allowing  sufficient  time  for  the  steri- 
lizing action  to  take  place.  They  suggest  for  the  purpose  the  use 
of  more  than  one  lamp,  and  specify  that  the  distance  from  the 
lamps  to  the  treated  water  be  as  small  as  possible.  Vallet,*  in  a 
similar  study,  calls  attention  to  the  necessity  of  clarifying  the 
water  before  exposure,  and  recommends  a  sterilizing  space  suf- 
ficiently large  to  permit  each  particle  of  water  to  be  exposed  to 
the  rays  for  at  least  one  minute. 

The  problem  of  sterilizing  milk  by  ultraviolet  rays  has  been 
investigated  to  some  extent,  particularly  by  Romer  and  vSames,^ 
who  used  a  Heraeus  mercury-quartz  lamp  of  H  amperes  strength. 
The  milk  to  be  sterilized  was  contained  in  a  quartz  vessel  15  cm. 
from  the  source  of  light,  and  the  rays  were  allowed  to  act  on  a 
layer  of  milk  1^  cm.  in  thickness.  The  number  of  bacteria  was 
reduced  from  98,900  to  2,050  per  cc.  after  two  and  one-half 
hours  of  action;  a  second  time,  they  were  reduced  from  111,800 
to  fi5,000  in  twenty  minutes'  action.  With  the  longer  time  of 
action,  the  taste  of  the  milk,  even  with  incomplete  sterilization, 
became  irritating,  while,  after  about  an  hour's  illumination,  the 
experimenters  found  a  distinct  destructi\c  action  on  the  oxidases. 
Butter  fat,  illuminated  for  one  and  three-fourths  lunirs.  showed 
a  decrease  of  7  per  cent,  in  the  iodine  number. 

An  investigation  of  the  action  of  ultraviolet  light  on  Bact. 
tuberculosis  and  tuberculin  has  been  made  by  Cernovodeanu 
working  with  Tfmri  and  Raroni."  They  placed  an  equally 
opalescent  emulsion  of  the  bacteria  in  a  quartz  tube  rotating  about 
the  lamp.  Tt  was  found  that  the  organisms  were  strongly 
attacked,  even  after  a  short  time,  being  entirely  killed  after  ten 
minutes  of  continuous  exposure.  Tuberculin,  exposed  to  the  rays 
for  five  minutes  or  over,  gave  no  reaction  when  applied  to  tuber- 
culous guinea  pigs. 
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Stassano  and  Leniatle'-'  in  a  series  of  experiments  have 
found  that  emulsions  of  various  bacteria,  after  illumination  with 
ultraviolet  light,  showed  the  same  index  to  the  corresponding 
agglutinating  sera  as  the  living  bacilli  did.  They  observed  that 
bacterial  life  was  very  quickly  destroyed  by  the  rays,  but  that 
the  substances  contained  in  them,  as  agglutinins,  toxins,  enzymes, 
etc.,  were  not  destroyed  thereby.  They  conclude  that  compared 
with  other  methods  of  sterilization  this  process  has  the  advan- 
tage of  not  affecting  the  agglutinins  in  any  manner,  and  should, 
therefore,  be  especially  suitable  for  the  preparation  of  emulsions 
for  sero-diagnostic  purposes. 

The  action  of  ultraviolet  rays  on  solutions  used  in  pharmacy 
has  been  studied  to  some  extent  by  Lesure.^  He  found  that 
almost  all  were  as  easily  penetrable  as  water,  but  that  the  ster- 
ilizing action  was  not  the  same,  using  B.  coli  communis  as  a  test 
organism.  Also  using  the  colon  bacillus,  Vallet^  found  that 
dextrose  and  lactose  solutions,  glycerine,  ethyl  alcohol  until  the 
appearance  of  its  own  bactericidal  action,  acetic  and  tartaric 
acids,  were  made  germ-free  when  illuminated  for  one  minute  in 
a  layer  1.5  mm.  in  thickness.  A  30-per-cent.  salt  solution,  22- 
per-cent.  soda  solution,  and  19-per-cent  calcium  nitrate  solution 
were  sterilized  under  the  same  conditions.  However,  the  ultra- 
violet rays  were  held  back  and  sterilization  did  not  take  place 
when  the  light  had  to  penetrate  a  few  drops  of  oil,  or  when  the 
solution  contained  3  per  cent,  peptone  or  1  per  cent,  albumin. 

n.  Laboratory  Data. 

A.  Apparatus  and  Technique  Employed. 

In  our  work  with  the  ultraviolet  rays,  we  used  as  a  source  of 
light  a  Cooper-Hewitt  Standard  "Type  Y"  Quartz  Lamp, 
arranged  as  shown  in  Fig.  1  (A).  The  material  to  be  illuminated 
was  contained  in  a  glass  flask  (B),  connected  by  a  sterile  glass 
syphon  and  rubber  tubing  with  screw  clamps  to  the  trough  (C) 
placed  directly  beneath  the  arc.  After  exposure  in  the  trough, 
the  liquid  passed  through  the  delivery  tube  (D)  into  a  previously 
sterilized  container  (E).  The  arrangement,  as  used  for  ster- 
ilizing bacterial  vaccines,  is  shown  in  Fig.  2  with  the  protective 
cover  in  place. 
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In  use,  the  lamp  first  caused  a  heavy  drop  in  voltage  with 
consequent   high    current   which    steadily    diminished,   becoming 
constant  after  about  six  minutes.     This  is  seen  from  the  follow- 
ing electrical  data : 

Initial  voltage  (line) 120  volts 

Initial  voltage  with  lamp 3-i  volts 

\'oltage  with  lamp  (after  0  minutes) 85  volts 

Voltage  with  lamp  (after  15  mimites) 85  volts 

Initial  current   8  amperes 

Current  (after  G  minutes) 3.5  amperes 

Current  (after  15  minutes) 3.5  amperes 


l)urin^f  tlic  opcr.iliDn  of  liie  aic,  llu-i 
lieat  generated  which  was  shown  l)y  a  i' 


was  a  large  amount  of 
•  from  21 C  to  II7"C. 


in  fifteen  minutes,  the  bulb  of  the  thermometer  being  G  cm.  from 
the  source  of  light. 

As  may  be  partly  seen  in  Fig.  1  (C),  the  liquids  were  exposed 
to  the  rays  in  a  special,  rectangular  trough,  15^  cm.  x  4  cm., 
divided  into  two  equal  portions  by  a  central  septum.  The  fluid 
entered  at  one  corner  through  a  tube  .5  cm.  in  diameter  and  bent 
at  right  angles,  the  trough  at  this  point  having  a  depth  of  1.5  cm., 
but  tapering  at  its  other  end  to  0.8  cm.  After  flowing  through 
one  side,  the  liquid  passed  back  to  the  other  side  by  mean?  of  a 


Fig.  1   (B). — ^Vpparatus  used  with  Ultraviolet  Light  Showing  Special  Trough  and  Tube. 

diagonal  tube  0.7  cm.  in  diameter,  which  thus  subjected  it  to  a 
second  exposure  to  the  rays.  From  here,  it  passed  out  by  means 
of  the  bent  delivery  tube  (D)  connected  to  the  trough  by  a  union. 
The  whole  arrangement  was  made  of  brass,  heavily  nickel-plated, 
with  rounded  inside  corners,  allowing  both  trough  and  delivery 
tube  to  be  sterilized  by  heating  in  the  free  flame.  In  addition  to 
this  the  trough  was  provided  in  its  center  with  a  metal  standard 
and  an  adjustable  screw  clamp,  thus  permitting  it  to  be  fixed  in 
any  desired  position. 


In  most  of  the  work  on  water  the  hquid  was  exposed  to  the 
rays  in  a  special  bent  quartz  tube  as  shown  in  Fig.  1  (G),  pro- 
vided with  a  brass  holder  and  having  previously  sterilized  glass 
inflow  and  outflow  tubes  connected  through  sterile  rubber  stop- 
pers. As  in  the  case  of  the  trough,  the  quartz  tube  could  be  ster- 
ilized by  heating  in  the  free  flame.  It  also  permitted  a  greater 
rate  of  flow,  but  owing  to  the  ease  of  breakage  and  difficulties  in 
adjustment,  the  metal  device  was  found  to  be  much  more  satis- 
factory as  well  as  economical. 
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The  UbUal  Icchniijuc  consisted  in  lirsl  running  thruugli  the 
apparatus  about  two  litres  of  sterile  water  into  a  graduated  cylin- 
der. Xot  only  did  this  serve  as  a  means  of  regulating  liie  rale  of 
flow,  but  allowed  the  lamp  to  reach  the  optimum  working  condi- 
tion>  and.  at  the  same  time,  cleaned  the  ;ti)paratus.  Without 
breaking  the  sterile  syi)hon,  the  material  to  he  tested  was  now 
substituted  in  place  of  the  water,  and  connected  up  as  shown  in 
Fig.  '2.     'I'hc  li(|uids,  after  l)cing  exjioscd,  were  collected  under 


3;j 

aseptic  conditions  in  previously  sterilized  containers,  and  portions 
removed  to  suitable  vessels  for  bacteriological  examination. 

With  the  exception  of  the  tap  water,  the  bacterial  suspensions 
and  vaccines,  B.  coli  communis  was  used  as  the  test  organism  for 
determining  the  germicidal  action  of  ultraviolent  light  on  the 
various  solutions  studied.  The  inoculation  was  made  in  each 
case  b}'  adding  to  the  material  an  aqueous  suspension  of  the  bacil- 
lus, shaking  w^ell  for  several  minutes,  and  then  estimating  the 
number  of  bacteria  present  by  plating  out  1  cc.  samples  in  various 
dilutions  on  suita]~)le  culture  media. 

B.   The  Action  of  Ultraviolet  Light  on  J'arions  Substances. 

1.  Detroit  Tap  IVatcr.  Our  experiments  with  the  city  water 
supply  were  carried  on  during  a  time  when  the  water  was  highly 
turbid,  owing  to  melting  ice  and  heavy  winds.  There  was  also  a 
considerable  amount  of  humus  material  present,  giving  the  water 
a  dark  color. 

The  bacterial  content  of  the  water  before  exposure  was 
obtained  by  plating  out  1  cc.  samples  in  plain  agar,  and  incubating 
for  forty-eight  hours  at  20°C.  After  exposure,  5  cc.  samples  of 
the  treated  water  were  examined.  To  make  sure  of  the  sterility 
of  the  media,  controls  were  run  at  the  same  time  w4th  5  cc.  of 
sterile  water.    The  results  are  given  in  summary  in  Table  I. 

The  preceding  table  seems  to  establish  that  tap  water  with 
considerable  matter  in  suspension  and  having  a  bacterial  content 
of  800  organisms  per  cc,  can  be  sterilized  by  exposure  to  ultra- 
violet rays  in  a  quartz  tube  at  a  rate  as  high  as  a  litre  in  thirty- 
eight  seconds.  Considering  the  price  of  electrical  energy  at  1^ 
cents  per  K.W.H.,  this  means  that  24  gallons  can  be  sterilized  in 
an  hour  at  about  0.5  cent  for  cost  of  power.  More  data  on  the 
comparative  cost  of  water  sterilization  by  ultraviolet  rays  can  be 
found  in  the  recent  studies  of  M.  Recklinghausen,-^  and  I.  J. 
Tanton.-5 

As  would  be  expected,  if  the  flow  of  the  liquid  be  slowed 
down,  the  heating  effects  of  the  lamp  are  noticeable  as  in  Nos.  11, 
12,  13,  21,  22,  23,  42,  43,  44.  In  fact,  where  the  rate  was  a  litre 
in  forty  minutes  (Nos.  21,  22,  23),  there  was  a  rise  of  34°C.  in 
temperature  during  passage  through  the  apparatus,  giving  a  final 
temperature  of  60° C. — almost  sufficient  to  bring  about  a  decided 


TABLE  1. 
ACTION  OF  ULTRAVIOLET  LIGHT  ON  DETROIT  TAP  WATER. 


Number  of   Colonies   before 
Exposure  in  1  cc. 

Flow  in  Minutes  per 
Litre. 

Number  of  Colonies 

after  Exposure  in  5 

cc. 

Rise  in  Temper- 
ature  of  Water. 

C50 

Control 

Control 

580 

520 

" 

,, 

Sterile  water 

" 

0 

As  in  1,  2.  3 

1.5 

0 

0 

«  «  <•  <>  <i 

1.5 

0 

0 

<  «  <(  <i  << 

1  6 

0 

0 

'  "  "  "  " 

4 

0 

0 

1  «  «  ■(  11 

4 

0 

0 

4 

0 

0 

10 

0 

4° 

10 

0 

4° 

"  "  "  "  " 

10 

0 

4° 

500 

Control 

Control 

450 

" 

" 

470 

" 

" 

Sterile  water 

" 

0 

As  in  14,  15,  16 

3.3 

0 

0° 

"  *'     "     "    " 

3.3 

0 

0° 

«      €•          «           <•        ,. 

3.3 

0 

0° 

"      "           "           "        " 

40 

0 

34° 

22 

"      *'           "           "         " 

40 

0 

34° 

23 

"        " 

40 

0 

34° 

24 

800 

Control 

Control 

25 

720 

" 

" 

26 

730 

" 

«' 

27 

As  in  24.  25.  26 

0.63 

0 

0° 

28 

"  "     "     "     " 

0.63 

0 

0° 

29 

"  "     "     "     " 

0.63 

0 

0° 

SO 

"  "     "     "     " 

0.72 

0 

0° 

31 

«      «          <•           .<          Cl 

0.72 

0 

0° 

32 

0.72 

0 

0° 

S3 

1.0 

0 

0° 

34 

" " 

1.0 

0 

0° 

35 

'.'.  '.'.   "   ".   '.'. 

1.0 

0 

0° 

36 

2.1 
2.1 

0 
0 

0° 

37 

"   "      "      "      " 

0° 

38 

"  "     "     "     " 

2.1 

0 

0° 

39 

4 
4 

0 
0 

0° 

40 

0° 

41 

4 

0 

0° 

42 

It 

0 

12° 

43 

14 

0 

12° 

44 

14 

0 

12° 

45 

Sterile  water 

Control 

0 

germicidal   aclion   ihioiigh    licat  alone.     Tlii.s   fact   would   he  of 
importance  in  the  case  of  sterilization  of  bacterial  vaccines. 

2.  Aqueous  Suspensions  of  Bacteria.  The  presence  of  B.  coli 
communis  in  0.1  cc.  samples  of  (lie  tap  water  used  in  our  experi- 
ments brought  up  the  c|uestion  as  to  the  sterilizing  action  of  the 
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rays  on  pure  cultures  of  this  organism.  Various  aqueous  suspen- 
sions of  B.  coli  communis,  ranging  from  80,000  colonies  per  cc. 
to  777,000  per  cc,  were  exposed  to  ultraviolet  light  at  different 
rates  of  flow  up  to  a  litre  in  forty-two  seconds.  In  each  case,  5 
cc.  samples  plated  out  on  agar  showed  no  colonies  when  incu- 
bated for  three  days  at  37 °C. 

To  ascertain  whether  equally  efficient  results  could  be  obtained 
with  a  spore-forming  organism,  experiments  similar  to  those 
with  the  colon  bacillus  were  run  with  B.  subtilis  alone,  and  with 
mixtures  of  B,  subtilis  and  B.  coli  communis,  each  in  numbers  of 
about  200,000  bacteria  per  cc.  Complete  sterility  was  obtained  in 
every  case,  even  with  a  rate  of  flow  of  a  litre  in  thirty-nine  sec- 
onds. 

3.  Beef  Bouillon.  The  feasibility  of  sterilizing  albuminous 
liquids  by  ultraviolet  rays  was  studied  with  ordinary  beef  bouil- 
lon as  used  for  cultural  purposes.  To  decrease  the  content  of 
albumins  and  make  the  color  as  light  as  possible,  the  bouillon  was 
prepared  without  the  ordinary  2  per  cent,  peptone,  sterilized  in 
streaming  steam  and  then  inoculated  with  B.  coli  communis  in 
the  usual  manner.  The  various  experiments  and  results  obtained 
are  given  in  Table  II,  based  on  1  cc.  samples  on  agar,  incubated 
for  twenty- four  hours  at  37 °C. 

It  is  easily  seen  from  Table  II  that  the  Cooper-Hewitt  mer- 
cury arc  cannot  be  used  for  sterilizing  bouillon,  even  with  a  rate 
of  flow  as  slow  as  a  litre  in  ten  minutes.  Ten  minutes  for  a  litre 
to  flow  through  can  be  considered  the  slowest  practical  rate  allow- 
able. Beyond  this  point  the  heating  effects  of  the  lamp  come  into 
consideration. 

As  may  be  noted  from  Nos.  34-39,  the  percentage  reduction 
(35  per  cent,  to  60  per  cent.)  was  not  so  high  with  more  bacteria 
present  as  when  bouillon  containing  less  bacteria  (Nos.  24-29) 
was  exposed  to  the  rays.  In  the  latter  case,  not  only  was  the 
reduction  somewhat  greater  (55  per  cent,  to  65  per  cent.)  but 
was  also  more  uniform.  The  bouillon,  itself,  also  seemed  to  have 
a  slightly  burnt  odor  after  exposure  to  the  ultraviolet  light. 

4.  Bismarck  Brown.  The  fact  that  the  bouillon  was  colored 
brought  up  the  question  as  to  the  effect  of  color  on  the  action  of 
the  rays.  To  determine  this  point,  water  was  colored  with  Bis- 
marck brown  till  it  was  equal  in  intensity  to  a  dark  bouillon.     It 


TABLE   II. 

ACTION  OF  ULTRAVIOLET  LIGHT  ON  B.  COLI  COMMUNIS  IX  BOUILLON 
SUSPENSION. 


Number  of   Colonies   before 
Exposure. 

Flow  in  Minutes  per  Litre. 

Number    of    Colonies    after 

Exposure. 

1 

200,000 

Control 

Control 

2 

220,000 

3 

240.000 

" 

" 

4 

As  in     1,  2,  3 

10 

* 

5 

"  "     "  "  " 

10 

* 

6 

«  li     «  «  <i 

10 

* 

7 

"  "     "  "  " 

7 

* 

8 

"  "     "  "  " 

7 

* 

9 

«      «           iC      «      X 

7 

* 

10 

Control  on  media 

11 

500,000 

Control 

Contreil 

12 

510,000 

13 

490,000 

14 

As  in  11,  12,  13 

2.3 

* 

15 

"  "     "     "     " 

2.3 

* 

16 

"  "     "     "     " 

2.3 

* 

17 

0 

* 

18 

«      t<           IC           II           11 

G 

* 

19 

C 

* 

20 

Control  on  media 

0 

21 

18,000 

Control 

Control 

22 

20,000 

" 

" 

23 

21,000 

" 

" 

24 

As  in  21,  22,  23 

2 

7,500 

25 

"  "     "     "     " 

2 

7,200 

26 

II  II     11     •<     .1 

2 

7,800 

27 

II  II     II     11     II 

1.4 

8.500 

28 

II  II     II     11     II 

1.4 

8,700 

29 

II  II     II     11     11 

1.4 

8,700 

30 

Control  on  media 

0 

31 

750,000 

Control 

Control 

32 

730,000 

" 

33 

710,000 

" 

34 

As  m  31.  32.  33 

10 

320,000 

35 

10 

340,000 

36 

II  II     II     II     11 

10 

300,000 

37 

10 

440,000 

38 

II  .1     II     II     .1 

10 

490,000 

39 

II  II     II     II     II 

10 

380,000 

40 

Control  on  media 

0 

'Indicates  more  than  1,000  colonies  on  plate. 

was  then  infected  with  B.  coli  communis  and  run  through  the 
apparatu.s  in  the  usual  manner.  With  rates  of  flow  as  hiijh  as  a 
Htrc  per  minute,  complete  steriUzation  took  place.  Control  sam- 
ples showed  that  there  were  about  250,000  organisms  i)er  cc. 
before  exposmc. 

(     T).  Sodium  Chloride. 

'  G.  Saccharose.  Our  expcrinicnls  with  \:\\)  walrr  seemed  to 
indicate  that  <lissolved  salts  did  not  iiitcrft-rc  willi  llu'  giiinioidal 
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action  of  the  mercury  arc.  This  fact  was  continued  1)\  ex[)osino- 
to  the  rays  a  1-per-cent.,  a  2-per-cent.,  and  a  4-per-cent.  aqueous 
solution  of  common  saU,  containing  as  high  as  450,000  colon 
bacilli  in  every  cc.  The  highest  rate  of  flow  was  a  litre  per 
minute.  In  every  case,  5  cc.  samples  of  the  liquid  after  exposure 
failed  to  show  any  organisms  present. 

That  ionization  of  the  dissolved  material  has  no  infiuence  on 
the  sterilization  was  shown  by  experiments  with  saccharose — a 
typical  non-electrolyte.  A  4-per-cent.  aqueous  solution  of  the 
sugar  was  employed,  the  technique  being  exactly  the  same  as 
in  the  case  of  the  sodium  chloride.  Here  also  we  found  it  possi- 
ble to  sterilize  with  400,000  B.  coli  per  cc.  present  l)efore 
exposure. 

7.  Urea.  The  results  obtained  with  saccharose  raised  the 
(juestion  as  to  the  effect  of  the  presence  of  nitrogen  on  the  ster- 
ilizing action,  since  saccharose  is  a  carbohydrate.  For  this  pur- 
pose a  1-per-cent.  aqueous  solution  of  urea  (CO(NHo)2)  was 
infected  with  B.  coli  communis,  the  control  plates  showing  50,000 
bacteria  per  cc.  The  organisms  were  found  to  be  entirely  killed 
with  rates  of  flow  up  to  a  litre  in  two  minutes.  The  action  at 
more  rapid  rates  was  not  studied,  but,  in  all  probability,  complete 
sterilization  would  have  been  eft'ected. 

8.  GlycocoU.  The  possible  influence  on  the  action  of  the  rays 
of  the  simultaneous  presence  of  carboxyl  and  amino  groups  in  a 
molecule  was  studied  with  a  2-per-cent.  aqueous  solution  of  the 
simplest  amino  acid— glycocoll  (HoN-CHo-CH.-COOH).  In 
spite  of  the  large  number  of  organisms  used  in  infecting — 
4,200,000  per  cc. — rates  of  flow  of  a  litre  in  four,  three,  and  two 
minutes,  respectively,  gave  no  growths  when  5  cc.  samples  of  the 
exposed  solutions  were  plated  out  on  agar  at  37  °C. 

(    9.  Leitcin. 

(-  10.  Alanin  (alpha).  Our  studies  with  leucin  were  under- 
taken to  see  whether  the  length  of  the  molecule  as  well  as  its 
arrangement  had  any  influence  on  its  sterilization  l)y  ultraviolet 
light.  Leucin  (alpha  aminoisocaproic  acid)  with  the  formula, 
(CH3)XHCH2CH(NH3)  COOH,  is  one  of  the  more  difficultly 
soluble  higher  amino  acids.  A  1-per-cent.  solution  of  the  acid  in 
water  was  used,  and  inoculated  with  the  colon  bacillus  as  usual, 
so  that  there  were  about  470,000  bacteria  per  cc.    However,  when 
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exposed  to  the  rays  at  the  rate  of  a  litre  in  four  minutes,  it  was 
found  impossible  to  sterilize  it. 

As  may  be  noted  from  its  formula,  leucin  has  a  methyl  side 
chain  in  its  molecule.  To  make  sure  that  the  interference  was 
not  due  to  this  methyl  group,  experiments  similar  to  those  with 
leucin  were  run  with  a  1.5-per-cent.  solution  of  Kahlbaum's 
alpha  alanin — the  simplest  alpha  amino  acid  having  a  methyl  side 
chain  (CH3)X*H(NHo)COOH).  The  number  of  organisms 
present  before  sterilization  was  about  2,000,000  per  cc,  and  the 
maximum  rate  of  flow  was  a  litre  in  two  minutes.  In  every  case 
the  sterilization  was  found  to  be  complete,  showing  tiiat  the 
methyl  side  chain  had  no  influence  on  the  action. 

A  test  of  the  leucin  solution  used  in  our  preceding  experiments 
with  Millon's  reagent  gave  a  distinct  red  color,  showing  the  pres- 
ence of  proteins.  Accordingly,  another  series  of  experiments  was 
run  with  leucin,  this  time  using  Kahlbaum's  highest  purity  pro- 
duct. The  content  of  colon  bacilli,  as  shown  by  control  plates, 
was  about  900,000  per  cc.  with  a  maximum  rate  of  flow  of  a  litre 
in  two  minutes.  This  time  5  cc.  samples  of  solution  after 
exposure  failed  to  give  any  colonies  on  agar,  showing  that  the 
poor  results  previously  obtained  were  due  entirely  to  protein 
compounds  admixed  with  the  leucin. 

11.  Cocaine  Hydrochloride.  The  germicidal  action  of  ultra- 
violet light  on  alkaloids  was  studied  with  1-per-cent  and  2-per- 
cent, solutions  of  cocaine  hydrochloride  in  water.  One  set  of 
solutions  was  made  up  with  sterile  water  and  with  B.  coli  com- 
munis as  usual,  while  the  other  set  was  made  up  with  clear  tap 
water,  to  which  was  added  a  mold  (Penicillhmi  glatictim). 

In  the  series  where  the  colon  bacillus  was  used,  the  number 
of  organisms  present  ranged  from  19,000  per  cc.  to  160,000  per 
cc.  before  exposure  to  the  rays.  After  the  illumination,  with  a 
rate  of  flow  of  a  litre  in  ten  minutes,  the  number  of  bacteria 
remaining  was  from  200  in  every  cc.  to  several  thousand  per  cc. 
With  more  rapid  rates  of  flow,  the  number  of  organisms  remain- 
ing ranged  much  higher. 

Even  at  the  slowest  rates  of  flow,  the  solutions  infected  with 
the  mold  showed  apparently  no  reduction  in  colonies  after 
exposure  to  the  rays.  From  the  results  obtained  with  cocaine,  it 
would  seem  that  the  alkaloids,  probably  on  account  of  their  high 


molecular  weight,  do  not  permit  of  sterilization  by  the  ultraviolet 
rays.  Comparative  tests  of  its  anaesthetic  properties  on  dogs 
before  and  after  exposure  to  the  ultraviolet  light  showed  that  the 
cocaine  hydrochloride  was  not  materially  affected.  Both  with 
the  bacteria  and  mold,  the  action  seemed  to  be  the  same  in  the  1- 
per-cent.  as  in  the  2-per-cent.  solutions. 

!•?.  Suspensions  of  Mold  in  Water.  The  poor  results  obtained 
with  the  cocaine  solutions  containing  mold  brought  up  the  ques- 
tion as  to  the  action  of  ultraviolet  rays  on  mold.  For  this  pur- 
pose, aqueous  suspensions  of  different  species  of  Penicillium, 
Aspergillus  and  Mucor  were  prepared,  so  that  the  number  of 
colonies,  when  properly  diluted  and  sown  on  alkaline  agar, 
ranged  from  about  fifty  to  several  hundred  per  cc.  When 
exposed  to  the  rays  at  a  rate  of  flow  as  slow  as  a  litre  in  twelve 
minutes  only  a  small  destructive  action  was  obtained.  The  per- 
centage reduction  was  greater  where  there  were  more  fungi  pres- 
ent before  exposure,  but  in  no  case  did  it  exceed  20  per  cent. 
The  data  obtained  seemed  to  show  conclusively  that  mold  cannot 
be  killed  by  ultraviolet  light,  except  when  present  in  very  small 
amounts,  as  one  or  two  colonies  per  cc. 

13.  Milk.  In  our  studies  on  the  sterilization  of  milk  by  ultra- 
violet light,  we  used  a  Jersey  milk,  rich  in  butter  fat,  and  about 
twenty  hours  old.  The  laboratory  results  are  given  in  Table  III. 
Both  plain  (P.  A.)  and  litmus-lactose  agar  (L.  L.  A.)  were  used 
as  culture  media.  One  cc.  samples  were  plated  out  and  incubated 
for  forty-eight  hours  at  37°C.  The  red  colonies,  as  seen  on  the 
litmus-lactose  agar  plates,  have  been  designated  by  (r),  and  are 
given  together  with  the  total  number  of  colonies  on  the  plate. 

Confirming  the  results  of  Romer  and  Sames,°  and  those 
more  recent  of  Huyge,^*  Ayers  and  Johnson,"-  Table  III 
shows  that  the  ultraviolet  rays  cannot  be  successfully  used  for 
sterilizing  milk.  This  would  have  been  expected  from  our  results 
with  bouillon.  Huyge  believes  that  the  difficulty  in  the  steriliza- 
tion of  milk  is  due  to  the  colloids  present. 

At  the  slowest  possible  rate  of  flow — a  litre  in  ten  minutes — 
the  greatest  reduction  in  bacterial  numbers  was  about  45  per  cent. 
(No.  11).  Where  the  organisms  were  not  so  numerous  (Nos. 
14-21),  a  still  greater  reduction  was  obtained — the  highest  being 
almost  70  per  cent,  in  No.  20.     Macroscopical  and  microscopical 
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TABLE   III. 

THE  GERMICIDAL  ACTION  OF  ULTRAVIOLET  LIGHT  ON  MILK. 


Number  of  Colonics 

NumlxT  of  Colonies 
before  Exposure  in  1 

Rate  of  Flow 

Number  of 
Colonies  after 

Number  of 
Colonies  after 

Exposure  in 
1  cc,  L.  L.  A. 

before  Exposure  in  1 
cc,  P.  A. 

cc,  L.  L.  A. 

in  Minutes 
per  Litre. 

Exposure  in  1 
cc,  P.  A. 

X  1,000 

X  1,000. 

1 

204,000 

75(37r) 

Control 

Control 

Control 

2 

189,000 

53(28r) 

" 

" 

" 

3 

196,000 

52(33r) 

" 

" 

" 

4 

As  in  1,  2,  3 

As  in  1,  2,  3 

2 

130,000 

84(49r) 

5 

"     "  "  "  " 

"  " 

2 

140,000 

80(52r) 

6 

"     "  "  "  " 

2 

143,000 

79(40r) 

7 

«     «  .<  <.  <. 

5 

120,000 

65(40r) 

8 

"     '  " 

"     "  "  "  " 

5 

126,000 

69(38r) 

9 

"  " 

5 

119,000 

62(36r) 

10 

"     "  "  "  " 

"     "  "  "  " 

10 

115,000 

54(32r) 

11 

" 

10 

109,000 

67(46r) 

12 

"     •'  "  "  " 

"     "  "  "  " 

10 

110,000 

50(32r) 

13 

Control  on  Media 

14 

26,000 

8.4(6. Ir) 

Control 

Control 

Control 

15 

24,000 

9. 2(6.  Or) 

" 

16 

30,000 

11.0(7.2r) 

" 

17 

As  in  14,  15,  16 

As  in  14,  1.5,  16 

7 

10,000 

4.9(3  Ir) 

18 

7 

9,500 

4.0(2.9r) 

19 

'     "     " 

"  "     "     "     " 

7 

9,200 

4.8(3.2r) 

20 

.<  .<     .<     <<     .. 

"  "     "     "     " 

7 

9.100 

4.0(3.2r) 

21 

«  «     ««     «     « 

7 

9,800 

4.2(2.7r) 

examination  ui  the  colonics  on  llic  lilnuis-lactosc  agar  plates, 
both  before  and  after  exposure  to  the  rays,  showed  a  preponder- 
ance of  the  Bact.  lactis  acidi  group  after  exposure.  A  curious 
fact  which  can  be  seen  from  the  taljle  (Nos.  4-12)  is  that  there 
were  more  colonies  growing  on  the  litmus-lactose  agar  plates 
after  exposure  than  before. 

It  would  seem,  then,  that  exjjosure  of  milk  to  ultraviolet  rays 
has  a  tendency  to  kill  off  the  uiuk'siraljle  organisms  prcscni,  leav- 
ing the  more  desirable  Ijacteria  of  the  liact.  lad  is  acidi  group  in 
tile  majority.  There  was  no  perceptii)lc  change  in  the  taste  of  the 
milk  after  being  illuminated. 

14.  Wine.  Contrary  to  what  niiglii  hr  Mipposcil  I'ldui  the 
preceding  work,  it  was  found  possible  to  C(jnii)letely  sterilize 
wines  l)y  the  ultraviolet  rays.    The  wines  used  in  our  experiments 


were  a  Tokay  and  a  Slierr_\-,  each  conlaininii^  about  IG  ])cr  cent, 
alcohol,  and  both  colored.  On  account  of  the  relatively  high  per- 
centage of  alcohol,  the  infecting  organism  in  this  case  was  a 
spore-forming  bacillus  of  the  B.  subtilis  group,  already  present  in 
the  Sherry  wine  when  obtained.  This  bacillus  was  isolated  in 
pure  culture  and  was  also  used  for  infecting  the  Tokay  wine. 

The  number  of  infecting  organisms  ranged  from  about  25,000 
to  several  million  per  cc,  as  shown  by  plating  out  on  dextrose 
agar  at  37 '^C.  The  best  rate  of  flow  seemed  to  be  about  a  litre  in 
five  minutes.  Slower  rates  imparted  a  sort  of  burnt  taste  to  the 
wines,  while  higher  rates  did  not  permit  of  complete  sterilization. 
Confirming  our  results  with  Bismarck  brown,  the  dark  color  of 
the  Sherry  wine  did  not  seem  to  interfere  with  the  germicidal 
action  of  the  rays. 

15.  Adrenalin  Chloride  Solution.  Our  work  with  Adrenalin 
Chloride  was  mostly  with  a  1 :3200  aqueous  solution  preserved 
with  chloretone.  Several  experiments  with  solutions  in  which 
the  chloretone  had  been  removed  seemed  to  indicate  that  ster- 
ilization was  possible  when  the  liquid  was  exposed  to  the  rays  at 
the  rate  of  a  litre  in  six  minutes.  B.  coli  communis  was  used  as 
the  test  organism. 

However,  after  exposure  to  the  rays  the  adrenalin  solutions 
showed  a  distinct  red  coloration,  indicative  of  deterioration. 
Physiological  assays  by  injection  into  the  circulatory  system  of 
dogs,  both  before  and  after  the  illumination,  showed  that  after 
exposure  there  is  a  loss  of  30  per  cent,  in  the  physiological 
activity.  The  action  is  probably  one  of  oxidation.  More  work 
with  this  substance  is  contemplated. 

16.  Baeterial  Vaccines.  Our  previous  work  showed  that 
ultraviolet  light  could  be  used  to  sterilize  salt  solutions.  This 
suggested  the  use  of  the  rays  in  the  preparation  of  bacterial  vac- 
cines. As  would  be  expected,  the  rate  at  which  the  vaccine  is 
exposed  to  the  rays  is  of  the  greatest  importance,  owing  to  the 
large  number  of  organisms  present.  Where  the  number  was 
fifty  million  or  more  per  cc.  the  minimum  rate  at  which  we  found 
complete  germicidal  action  to  take  place  was  a  litre  in  five  min- 
utes. With  streptococci  and  the  micrococci  (staphylococci), 
slower  rates  were  necessary  to  kill  all  of  the  organisms.     A  rate 


of  flow  of  a  litre  in  eight  minutes  seemed  to  be  the  most  satisfac- 
tory for  all  of  the  vaccines  studied. 

In  preparing  the  vaccines,  the  organisms  were  grown  as  usual 
on  the  appropriate  culture  media  for  the  necessary  length  of  time. 
The  growth  was  then  washed  off  with  sterile  physiologic  salt 
solution,  the  bacterial  numbers  estimated  by  W^right's  method, 
and  the  suspension  diluted  with  sterile  salt  solution  to  give  the 
desired  number  of  organisms  per  cubic  centimeter.  After  shak- 
ing for  at  least  half  an  hour,  in  a  shaking  machine,  the  diluted 
suspension  was  exposed  to  the  ultraviolet  rays,  and  run  directly 
into  a  sterile  container  under  aseptic  conditions.  The  preliminary 
shaking  was  found  to  be  absolutely  necessary  with  the  strepto- 
cocci, probably  due  to  clumping  of  the  organisms  and  thus  escap- 
ing the  action  of  the  rays. 

THE  ACTION'  OF  ULTRAVIOLET  LIGHT  ON  VARIOUS   SUBSTANCES 


Substance. 

Number  of  Organisms 
per  cc.before  Exposure. 

Rate  of  Exposure  to 
Rays    Mimmum    per 

Number    of    Colonies 
per  cc.  after  Exposure. 

Changes  Produced. 

1.  Dtlrail  lap  wUer.    (Highly 

^      turbid). 

400-800 

38  sec. 

Sterilized 

None 

2.  Aq.  iwvemions. 

80.000-777.000 

42  sec. 

Sterilized 

None 

B.  coli  eommunu 

B.  rJAuu. 

170,000-400.000 

39  sec. 

SteriUzed 

None 

B.iuht.AB.cdi. 

400.000 

39  sec. 

Sterilized 

None 

3.  BunxmiOon. 

18,000-750.000 
B.  coU  com. 

1  4-10  Min. 

7,500-490,000 

Slight    burnt    odor 

4.  Bumarck  brown  tcl. 

250.000 
B.  coli  comm. 
48.000-450.000 

1  Min. 

Sterilized 

None 

5.  Sodium  chloride.  1%.  27c 

1  Min. 

SteriUzed 

None 

i%  aq.  aol. 

B.  coli  comm. 

6.  Saccharose  f'i  aq.  sol. 

400.000 
B.  coli  comm. 

1  Min. 

Sterilized 

None 

7  Urta.    ITiaq.sol. 

10.000-50,000 

B.  coU  comm. 

670.000-4.200.000 

B.  coli  comm. 

470,000 

2  Min. 

Sterilized 

None 

8.  Cvco«tf  2%  aq.  sol. 

2  Min. 

SteriUzed 

None 

9.  tfurin  (impure)  l%aq.  sol 

4  Min. 

UostcriUzed 

None 

B.  coli  comm. 

Leuan      (Kahlbaum'a 

900.000 

2  Min. 

SteriUzed 

None 

,^    Bat)  1%  aq.  80). 

B.  coli  comm. 

10.    Ata;i,x  (alpha)  1..5%8q. 

2.0I)),I)!}I 

2  Min. 

Sterilized 

None 

BOI 

B.  coli  comm. 

n.  Cocaine    hi/drocUoride. 

19.000-100.000 

10  Min. 

200-2700 

None 

1%  and  2%  aq.  »ol. 

B.  coli  comm. 
200  mold. 

B.  coli  comm. 
180  mold. 

12.  SwipenMoti    of    mold    in 

voter. 

13.  Milk  (Jersey). 

50-200 

12  Min. 

44-220 

None 

24.000-240,000 

7-10  Min. 

9.100-113.000 

None 

(48  hour,  37°,  count) 

U.  \Une,{.SherryandTokav). 

25,000-2,900.000 
(B.  subl.  group) 

5  Mm. 

Sterilized 

None. 

Burnt     taste     with 

rates  faster  than 

S  min. 

15.  .Urenalincldoride  tot.  io\. 

fiO.OOO 

0  Min. 

SteriUzed 

Red  Coloration  30% 

(1:32(X)). 

B.  coU  comm. 

Iu88  in  physiologi- 
cal activity. 

IG.  BicUrialKcrinti. 

a)  Colon. 

a)    .50,000,000 

a)   5  Min. 

a)  Steril. 

None 

b)  CoUm^uph. 

b)  100,000.000 

b)    7     " 

b)      " 

" 

c)  Colon  (comb.) 

c)  400.000,000 

c)    8     " 

c)       " 

" 

(la-.',-.-', 

f)G0Dor.("  ) 

d)    50,000,000 

d)10     " 

d)      •• 

" 

e)  600,000,000 

c)  10     •' 

c)       " 

" 

f)  900,000,000 

f)10     " 

f)       " 
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We  have  prepared  in  this  way  the  following  vaccines : 

1  Colon  vaccine — 50,000,000  bacteria  per  cc. 

2  Colon-typhoid  vaccine       —100,000,000  bacteria  per  cc. 

3  Colon  vaccine  (combined)— 400,000,000       "  "     " 

4  Streptococcus  vaccine  "    —  50,000,000       "  "     " 

5  Staphylococcus       "       "    —500,000,000       "  "     " 

6  Gonorrheal  "       "    —900,000,000       "  "     " 

Sterility  was  shown  in  each  case  by  the  absence  of  any  growth 
when  5  cc.  samples  were  sown  in  plain  and  dextrose  agar  at  37°C. 
Owing  to  the  high  turbidity  and  the  very  great  number  of  organ- 
isms present,  it  was  found  necessary  to  use  a  rate  of  flow  of  a 
litre  in  ten  minutes  with  the  gonorrheal  vaccine.  Ascitic  agar 
was  used  here  to  determine  the  sterility.  All  of  the  vaccines 
were  preserved  in  the  regular  manner  by  the  addition  of  0.3-per- 
cent, trikresol. 

It  is  thought  by  some  investigators  that  the  usual  method  of 
preparing  vaccines  by  heat  impairs  the  keeping  qualities  and  the 
power  of  producing  antibodies.  (Cf.  Semple  and  Matson  (37)). 
On  the  other  hand,  the  excess  of  chemicals  which  might  be 
required  to  effect  sterilization  may  produce  irritation.  Theo- 
retically, then,  vaccines  prepared  by  ultraviolet  light  should  pos- 
sess superior  therapeutic  action.  A  clinical  study,  using  several 
vaccines  so  prepared,  is  being  made  with  a  view  of  determining 
this  point.  This,  together  with  more  researches  on  ultraviolet 
light  sterilization,  we  hope  to  report  upon  in  a  future  publica- 
tion. 


in.  Discussion. 

Several  theories  have  been  advanced  as  to  the  mode  of  action 
of  the  ultraviolet  rays.  The  hypothesis  advanced  by  Glaser^'* 
seems  to  be  plausible.  He  explains  it  on  the  photo-mechanical 
theory  that  by  the  continued  action  of  ether  vibrations  on  the 
organisms,  the  number  of  vibrations  is  brought  to  a  point  of  rup- 
turing the  chemcal  combinations. 

We  have  noticed,  in  our  own  work,  the  formation  of  ozone 
during  the  burning  of  the  mercury  arc.  This  can  be  detected 
by  the  odor,  or  by  the  fact  that  strips  of  moistened  potassium- 
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iodide  starch  paper  placed  in  the  \iciiiit}-  of  the  rays  are  turned 
blue.  The  theory  has  been  advanced  that  the  germicidal  action  of 
the  rays  is  due  to  the  formation  of  ozone  or  hydrogen  peroxide. 
Oker-Blom,-^  from  recent  ultraviolet  light  studies  with  a  Nogier- 
Triquet  mercury  arc,  concludes  that  the  germicidal  effects  have 
no  basis  as  being  due  to  the  action  of  nitrous  acid,  ozone  or  hydro- 
gen peroxide.  It  must  rather  be  considered  as  due  to  the  direct 
action  of  short-wave  rays  on  the  living  bacterial  protoplasm.  It 
may  be  possible  that  the  action  can  also  influence  secondary 
chemical  reactions  taking  place  through  the  agency  of  ultraviolet 
light. 

The  fact  that  secondary  chemical  changes  ma}'  be  produced 
by  the  rays  was  seen  from  the  change  we  found  in  the  adrenalin 
chloride  solutions  after  the  exposure.  Bcrthelot  and  Gaudechon-^ 
have  found  that  the  rays  are  able  to  decompose  solutions  of 
IcAulose.  while  acetone  is  partly  changed  to  acetic  acid.  MassoP" 
has  found  that  under  the  action  of  ultraviolet,  starch  grad- 
ually loses  its  tinting  power  with  iodine.  More  recently  F.uler 
and  Ryd"  have  found  that  lactic  acid  undergoes,  through  the 
agency  of  ultraviolet  rays,  a  splitting  up  which  may  be  consid- 
ered analogous  to  the  fermentative  cleavage  of  this  acid.  Simi- 
larly, carbon  dioxide  is  split  oft'  from  tartaric  acid  by  the  action 
of  the  rays,  a  reducing  substance  being  formed  at  the  same  time. 

As  noted,  particularly  with  the  bacterial  vaccines,  turbidity 
rapidly  decreases  the  germicidal  action  of  the  rays.  TTowexer.  as 
Oker-Blom-*  has  also  found  with  water,  if  the  inrbidily  be 
not  too  high,  it  is  still  possible  to  sterilize  with  decreased  rates  of 
flow.  Our  work  with  vaccines  also  showed  that  bacteria  have  a 
varying  resistivity  to  the  action  f)f  the  ray<.  The  streptococci 
and  staphylococci  were  the  most  difficult  to  kill,  while  the  spore- 
forming  types  offered  no  apparent  resistance.  Confirming  our 
own  results,  Oker-Bloni  finds  that  color  due  to  vesuvine  does  not 
materially  affect  the  sterilization. 

Considerable  discussion  has  arisen  of  late  in  regard  to  the 
most  efficient  type  of  lanii)  from  the  germicidal  ])u\u[  of  \  icw. 
Two  general  types  of  mercury  arc  sterilizers  can  be  distinguished, 
viz. : 

1.  'J"he  "over-water"  type  or  "non-immersed"  type,  where  the 
arc  is  above  the  material  to  be  acted  upon.     The  Westinghouse- 
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Cooper-Hewitt  lamps,  similar  to  the  one  used  in  onr  own  experi- 
ments, are  of  this  kind. 

■?.  The  "under-water"  or  "immersed"  type,  where  the  arc  is 
immersed  in  the  fluid  to  Ije  illuminated.  The  Courmont-Nogier 
and  Xogier-Triquet  lamps  are  of  this  type. 

Theoretically,  the  immersed  type  should  be  more  efficient, 
owing  to  all  of  the  rays  being  utilized,  and  the  elimination  of  the 
intervening  air  space.  On  the  other  hand,  the  "over- water"  type 
is  more  adaptable  for  acting  on  materials  other  than  water.  Bv 
burning  at  a  higher  temperature,  it  also  produces  a  greater 
amount  of  the  shorter  or  germicidal  rays.  For  large-scale  water 
sterilization,  it  would  seem  that  the  Nogier-Triquet  type  is  more 
suitable,  while  for  general,  small-scale  sterilization,  the  Cooper- 
Hewitt  (non-immersed)  type  seems  to  be  more  efficient.  An  able 
discussion  of  this  point  is  to  be  found  in  a  recent  article  by 
Nogier.-' 

IV.  Conclusions. 

A.  The  ultraviolet  rays  produced  by  the  Cooper-Hewitt  mer- 
cury arc  have  a  strong  bactericidal  action. 

E.  Certain  species  of  bacteria  in  aqueous  suspension,  includ- 
ing spore-forming  organisms,  are  killed  by  exposure  to  the  rays. 
Molds,  however,  are  only  partially  destroyed  by  the  ultraviolet 
light. 

C.  The  action  seems  to  be  a  photo-mechanical  process,  and  is, 
in  all  probability,  due  to  absorption  of  the  ultraviolet  rays  by  the 
bacterial  protoplasm. 

D.  Water,  wines,  many  inorganic  and  a  number  of  organic 
substances  in  aqueous  solution,  can  be  sterilized  by  ultraviolet 
light.     Bacterial  vaccines  require  a  prolonged  action. 

E.  Proteins  and  other  bodies  of  high  molecular  weight  inter- 
fere with  the  action  of  the  rays.  Turbidity,  both  organic  and 
inorganic,  has  a  similar  action.  Color,  within  certain  limits, 
seem?  to  have  no  influence. 
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SOME  PHENOMENA  INVOLVED  IN  THE  LIFE 
HISTORY  OF  SPIROCHAETA  SUIS.^t 

STUDIES  ON  HOG  CHOLERA. 
Walter  E.  King  and  Raymond  H.  Drake. 

(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,   Detroit,  Mich.) 

The  recognition  of  Spiroclucta  siiis^  in  certain  lesions  found 
in  cases  of  hog  cholera,  and  the  results  attending  experimental 
cultivation  and  animal  inoculation  have  afforded  many  interesting 
observations  relative  to  the  life  history  of  the  organism.  These 
studies  have  not  yet  progressed  to  such  a  point  that  definite  con- 
clusions can  be  drawn  as  to  the  cycle  through  which  this  organism 
may  pass.  However,  its  morphological  variations  under  dift'erent 
conditions  appear  to  correspond  in  many  respects  with  those  of 
other  spirochetes  which  have  been  studied  and  reported  upon  by 
many  investigators. - 

A  future  publication,  which  we  hope  will  contribute  toward 
the  interpretation  of  the  life  cycle  of  spirochetes  in  general,  will 
contain  more  detailed  results  of  our  observations  of  Spirochceta 
suis,  and  its  morphological  and  biological  variations.  This  pre- 
liminary report  is  submitted  in  order  that  the  results  of  certain 
filtration  experiments  may  be  placed  on  record. 

Dujardin-Beaumetz-^  in  discussing  Die  Peripneiimoiiie  der 
Kinder  refers  to  certain  interesting  filtration  experiments  as  fol- 
lows : 


*Received  for  publication  January  19,  19] 4. 

tOwing  to  the  provisional  use  of  the  name  "Spirochaeta  suis"  by  Bosanquet 
{Spirochetes,  Saunders,  1911)  and  Neveu-Lemaire  (Parasitologic  drs  Animuux  Domes- 
tiques,  Paris,  1912)  in  referring  to  the  findings  of  Dodd  {Jour.  Camp.  Path.,  1906,  19, 
p.  216)  and  Cleland  (Parasitology.  190S,  1,  p.  218),  it  will  be  neces.sary  to  designate 
this  organism  by  another  name.     This  will  be  done  in  future  publications. 

'King  and  Baeslack,  Jour.  Infect.  Dis.,  1913,  13,  p.  307;  King,  Baeslack,  and  Hoff- 
mann, Jour.  Infect.  Dis.,  1913,  12,  p.  36.5;  King  and  Hoffmann,  Jour.  Infect.  Dis., 
1913,    13,   p.   463. 

=GIeitsmann,  Centralhl.  f.  BakterioL,  I,  Orig.,  1913,  6S,  p.  31;  Miihlens,  Handhuch 
d.  Path.  Protozoen,  Prowazek,  Leipzig,  1912,  p.  361;  Ross,  Brit.  Med.  Jour.,  1912,  p. 
16.51;  McDonagh,  Lancet,  Proc.  Rov.  Soc,  1913,  6,  p.  86;  Button,  Jour.  Trop.  Med., 
1907,  10,  p.  385;  Mayer,  .4rch.  f.  'Schiffs.-u.  Trokenhyg.,  1908,  12,  Beihefte  1,  p.  1; 
Mackinnon,  Parasitology,  1909,  2,  p.  267;  Bosanquet,  Spirochetes,  Saunders,  1911: 
Marchoux  and  Couvy,  .4nn.  de  I'Inst.  Past.,  1913,  27,  p.  450;  Meirowski,  Miinchen. 
med.  IVchnschr.,  1913,  60,  pp.  1870  and  2042.  Fry,  Ranken,  and  Plimmer,  Jour.  Royal 
.4rmy  Med.  Corps,  1913,  21,  p.  137;  Balfour,  Centralbl.  f.  BakterioL,  I,  Orig.,  1913,  70, 
p.  182;  O'Farrell  and  Balfour,  Centralbl.  f.  BakterioL,  I,  Ref.,  1913,  59,  p.  292; 
Noguchi,  Jour.  E.vper.  Med.,  1912,  16,  p.  199. 

^Handbuch  d.  Path.  Mikroog.,   1913,  8,  p.  943. 
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"Isolation  of  Bacteria  by  Filtration." 

"In  investigations  of  pleuropneumonia,  various  writers  have  often  fil- 
tered the  pleuropneumonia  exudate  through  'Gips'  and  porcelain  filters  and 
observed  that  such  filtrate  is  incapable  of  causing  either  infection  or  im- 
munit}^  in  the  animals.  From  this  fact  it  was  learned  that  the  pleuro- 
pneumonia was  not  caused  by  a  soluble  virus,  but  by  a  living  organism. 
But  when  Loffler  had  proved  that  it  was  possible  to  infect  animals  witli 
lymph  obtained  from  aphthous  pustules,  diluted  with  water  in  proportion 
1 :50  and  then  filtered,  and  that  there  were  therefore  bacteria  which  were 
so  infinitely  small  that  they  would  pass  through  the  filter,  the  investigations 
on  pleuropneumonia  were  again  taken  up,  along  the  lines  where  positive 
results  were  obtained  by  means  of  the  dilution  method.  The  method  of 
dilution,  as  well  as  the  quality  of  the  filter,  is  of  the  greatest  importance 
for  the  success  of  the  experiment.  If  pleuropneumonia  exudate  or  a  cul- 
ture in  bouillon,  which  contains  more  than  15  per  cent  of  serum,  is  used 
for  filtration  without  being  previously  diluted,  failure  is  usually  the  result, 
since  the  pores  of  the  filter  become  clogged  with  the  albumen.  The  choice 
of  candle  is  not  without  significance  as  the  different  filters  possess  different 

degrees  of  porosity The  passage  of  this  organism  through  certain 

filtering  walls  is  of  the  greatest  interest  from  the  standpoint  of  bac- 
teriologic  technic.  The  filter,  which  until  now  has  been  regarded  as  a 
perfect  process  for  the  sterilization  of  warmed  fluid  media,  can  also  be  of 
great  service  in  the  isolation  of  very  small  bacteria,  by  retaining  the  other 
larger  microbes  in  their  walls.  It  might  also  be  possible  to  isolate  and 
compare  the  filtrable  viruses  serially,  using  for  this  a  set  of  suitably  chosen 
filters  of  decreasing  porosity. 

"If  the  possibility  is  also  offered  of  obtaining  the  pleuropneumonia 
virus  in  pure  state,  it  is  always  wise  to  inoculate  cultures  in  serum  bouil- 
lon. If  the  presence  of  foreign  bacteria  in  the  inoculation  material  is 
feared,  a  preliminary  culture  on  serum  agar  can  be  made ;  this,  however, 
is  not  advisable.  Pleuropneumonia  develops  ver\'  slowly  on  solid  media. 
and  the  colonies  are  not  visible  until  after  3  days'  standing  at  .^7\  During 
this  time  the  other  more  rapidly  developing  bacteria,  sncii  as  the  pleuro- 
pneumonia bacillus  of  Arloing,  overgrow  the  surface  of  tiio  agar,  and 
render  isolation  of  the  pleuropneumonia  organism  impossible.  By  em- 
ployment of  the  filtration  method  tiiis  obstacle  is  overcome.  Tlie  fluid 
can  be  collected  witiiout  any  si)i'cial  precautions.  It  can  lie  taken  even  iii 
the  stage  of  decomposition  and  still  be  capable,  by  filtration,  of  isolating 
the  organism  in  pure  state.  The  process  is  as  follows  :  The  lung  lymph 
is  diluted  in  proi)ortion  of  *  :100  with  pcpt^iu'  luniilldn  containing  no 
serum.  The  bouillon  must  be  filtered  through  a  iioinlaiii  filter,  not  for 
|)urposc  of  sterilization,  but  to  eliminate  all  solid  particles  which  are 
suspended  in  the  fluid  and  could  liinder  filtration.  The  lymph  diluted  in 
the  above  manner  is  then  filtered  through  Berkefeld  or  Chamberland 
filters  L-.'.  It  is  recommended  that  the  bouillon  be  first  warmed  at  37-3'^^  , 
for  it  is  known  that  warm  fluids  can  p.iss  through  iiorniK  ^^trata  better, 
anrl  the  i)assage  of  the  virus  is  tluT(l.\    guar;inti('l       b'or  the  (•(■it;iiiily  of 
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the  growth  of  the  specific  cause,  serum  must  be  added  to  the  filtrate  so 
obtained,  in  the  proportion  of  10  parts  serum  to  100  parts  bouillon.  To 
prevent  accidental  contamination,  it  is  well  to  filter  the  serum  throush  the 
same  filter  as  is  used  for  the  filtration  of  the  bouillon.  The  filtrate,  mixed 
with  serum,  is  placed  in  the  incubator,  and  after  3-4  days  an  opalescence 
is  observed  in  the  cultures.  If  such  an  opalescence  also  appears  in  those 
tubes  w-hich  were  further  inoculated  with  material  from  these  cultures, 
and  if  no  such  change  can  be  observed  in  the  control  tubes  which  were 
inoculated  at  the  same  time,  the  growth  of  the  pleuropneumonia  virus  is 
proved,  and  the  costly  animal  experiment  is  unnecessarj^.  It  is  sufficient 
if  only  a  trace  of  the  opalizing  fluid  is  spread  on  the  serum  agar.  Very 
fine  colonies,  at  first  transparent,  later  wartlike,  appear  on  this  medium 
in  so  characteristic  a  form  as  to  banish  any  doubt  as  to  their  identity. 

"This  method  can  be  used  not  only  for  the  purpose  of  isolation,  but 
also  for  veterinary  diagnosis  in  the  investigation  of  lung  material  obtained 
from  cattle  wliich  have  succumbed  to  suspected  pneumonia." 

In  a  former  publication^  data  were  presented  showing  that 
the  Berkefeld  filtrates  of  cultures  containing  Spirochccta  sitis 
were  capable  of  producing  hog  cholera  in  susceptible  hogs.  In 
the  meantime  successful  attempts  have  been  made  to  develop  cul- 
tures of  the  spirochete  from  the  Berkefeld  filtrates.  This  work, 
of  which  brief  notes  are  given,  was  undertaken  chiefly  for  the 
purpose  of  securing  data  bearing  on  three  important  points : 
(1)  to  determine  the  correlation  between  the  "filtrable  virus,"  or 
"ultramicroscopic  organism"  of  hog  cholera,  and  Spirochccta 
siiis;  (2)  to  secure  pure  cultures  of  the  spirochete;  and  (3)  to 
determine  the  importance  of  the  granules  assumed  to  be  related 
to  Spirochata  siiis. 

September  23,  1913 :  A  small  portion  of  necrotic  tissue  containing 
numerous  Spirochcvtce  siiis,  from  ear  of  Hog  653,  was  shaken  in  sterile 
water  and  filtered  through  Berkefeld  filter  N,  pressure  less  than  one 
atmosphere,  time  of  filtration  about  20  mins.,  and  volume  of  filtrate  about 
10  c.c.  Cultures  from  the  filtrate  were  made  in  broth,  grown  aerobically, 
and  found  to  be  sterile. 

Special  media,  inoculated  with  the  filtrate  and  incubated  under 
anaerobic  conditions,  were  placed  in  a  desiccator,  in  vacuo,  with  pyrogallic 
acid.  The  media  consisted  of  (1)  Hata  medium,"  with  hog  blood  cor- 
puscles, and  (2)  Hata  medium  with  rabbit  kidney  tissue  and  0.5  per 
cent  phenol. 


^Jour.  Infect.  Dis.,  1913,  13,  p.  484. 

=Hata,    paper    read    at    Seventeenth    International    Congress    of    Medical    Sciences, 
London,  August,  1913. 


Dark-Field  Examinations. 

October  18,  1913 :  One  culture  of  each  medium  showed  many  granules 
but  no  spirochetes. 

October  31,  1913  :  One  culture  of  each  showed  slight  contamination 
with  a  bacillus,  no  spirochetes,  no  granules  noted. 

November  19,  1913 :  Two  cultures  of  each  show  ed  some  contamina- 
tion, bacillus. 

December  9,  1913 :    Three  cultures  of  each,  same  as  on  November  19. 

December  15,  1913 :  Cultures  examined,  contaminating  bacillus  found 
in  all. 

Spirochceta  stiis  found  in  2  cultures  of  Hata  medium,  rabbit  kidney, 
and  3  cultures  of  Hata  medium,  hog  corpuscles. 

Spirochetes  were  not  numerous,  but  were  found  with  little  difficulty, 
and  some  were  actively  motile. 

December  17,  1913:  One  of  contaminated  cultures  of  Spirochcrta  suis, 
examined  under  date  of  December  15,  1913,  shaken  in  sterile  water  and 
filtered  through  Berkefeld.  The  filtrate  was  inoculated  into  plain  broth, 
agar  slant,  and  deep  glucose  agar,  and  after  incubation  under  both  aerobic 
and  anaerobic  conditions,  no  growth  resulted. 

December  19,  1913:  Special  media — (1)  Hata  medium  with  hog 
kidney,  (2)  hog  serum  medium,  with  and  without  hog  kidney,  and  (3) 
pyrogallic  serum  medium  (Proca,  Danila,  and  Stroe')  with  hog  kidney — 
were  inoculated  with  Berkefeld  filtrate  of  oritiinal  culture,  Xo.  653. 
Spirochccta  suis. 


Fic.   1. — Photomicrugraph  of  Spirocliacta  suis  in  ciilliirc   frnin   Rcrkcfcid  filtrate  of 
huspcnsion  of  material,  car  lesion,  Hog  053.     X1200.     (India  ink  prcparaii.in.) 


'Comf't.   rend.   Soc.    dc  btot.,   1912,   72,    p.   S9.-i. 


Dark-Field  Examinations. 

December  21,  1913 :  One  culture  of  each  medium  examined.  Con- 
taminating organisms  (bacilli  and  cocci)    found.     No  spirochetes  present. 

December  24,  1913 :  Two  cultures  of  each  medium  examined,  same 
result  as  on  December  21,  1913. 

December  29,  1913:  Three  cultures  of  each  medium  examined,  same 
result  as  on  December  24,  1913.  As  all  cultures  in  this  lot  appeared  to  be 
contaminated,  they  were  discarded.  From  the  check  culture  tests  made, 
it  was  evident  that  contamination  with  bacilli  and  cocci  was  present  in  the 
special  culture  media.  Repeated  results  on  other  occasions  confirm  the 
conclusion  that  contamination  of  these  special  media  occurs  as  the  result 
of  adding  the  kidney  tissue  and  hog  corpuscles  to  the  medium  after  it  is 
prepared. 

January  5,  1914 :  Culture  653,  containing  Spirochceta  siiis,  first  gen- 
eration, described  under  first  section  of  these  notes,  was  shaken  in  sterile 
water  and  passed  through  Berkefeld  filter  as  above.  Filtrate  was  found 
to  contain  no  organisms  capable  of  developing  on  broth,  agar,  or  deep 
glucose  agar  culture  media,  when  incubated  aerobically  and  anaerobically 
for  several  days. 

New  lot  of  special  deep  media,  some  containing  no  kidney  tissue  or 
blood  clot,  was  inoculated  with  filtrate,  sterile  except  for  granules  pre- 
sumably related  to  Spirochceta  suis. 

Dark-Field  Examinations. 

January  9,  1914 :  Two  cultures  examined,  nothing  detected  except 
numerous  granules  in  one  culture. 

January  12,  1914:  Several  cultures  examined.  Spirochczta  suis  found 
in  two  cultures.  Not  actively  motile,  small,  consisting  of  about  2-3  con- 
volutions (old  cultures  show  spirochetes  of  4-10  convolutions,  average 
number,  perhaps  6). 

January  15,  1914:  Third  culture  found  to  contain  spirochetes,  mor- 
phology similar  to  those  noted  on  January  12,  1913. 

From  the  above  short  series  of  experiments  no  definite  con- 
clusions should  be  drawn.  One  must  recognize  the  fact  that 
filtration  experiments  are  difficult  to  control  and  many  erroneous 
results  have  been  recorded  in  the  literature  from  time  to  time. 

The  results  of  the  experiments  outlined  in  this  paper  have 
been  controlled  by  logical  methods,  and  are  suggestive  of  the 
theory  that  Spirochceta  suis,  at  some  period  in  its  life  cycle,  is 
capable  of  passing  through  bacteria-proof  filters. 
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THE  STERILIZATION  OF  ADRENALIN 
SOLUTIONS. 

Bv  L.  W.  RovvE. 

(From   the   Kesearcli   Laboratory    of    Farke,    Davis   &   Co.,    Detroit,    Mich.) 

The  micro-crystalline  active  principle  of  the  suprarenal  glands, 
Adrenalin,  is  quite  stable  when  chemically  pure.  Since  it  is  a  pure 
principle  with  a  definite  chemical  formula^  the  powder  does  not 
readily  decompose  when  kept  under  ordinary  conditions.  How- 
ever, because  of  its  comparative  insolubility  in  water  and  its  great 
physiological  activity,  the  preparation  most  suitable  for  thera- 
peutic use  is  a  1  in  1000  solution  of  Adrenalin  Chloride,  which  is 
an  addition  product  formed  by  the  action  of  dilute  hydrochloric 
acid  upon  Adrenalin.  In  dilute  solutions  such  as  this,  the 
Adrenalin  Chloride  is  readily  oxidized,  if  no  preservative  is  added 
to  the  solution  and  it  is  exposed  to  the  air.  The  oxidation  and 
consequently  the  deterioration  of  the  solution  is  recognized  by 
the  fact  that  the  solution  becomes  pink,  then  red  and  finallv  brown 
in  color. 

Due  to  this  tendency  to  deteriorate  by  oxidation,  it  is  claimed 
that  a  dilute  solution  of  Adrenalin  such  as  a  1  in  1000  solution 
would  not  withstand  sterilization  by  boiling  since  the  heat  would 
naturally  tend  to  hasten  the  oxidation  greatly.  The  solution  is 
sterile  when  put  on  the  market,  but  many  physicians  wish  to  make 
doubly  sure  by  sterilization  immediately  before  use. 

The  following  experiments  were  carried  out  with  the  inten- 
tion of  determining,  first,  how  many  times  a  solution  of  Adrenalin 
Chloride  may  be  sterilized  in  a  variety  of  ways  without  deteriora- 
tion, and  second,  the  relative  stability  of  such  a  solution  com- 
pared with  that  of  a  solution  of  a  synthetic  product.  The  latter, 
with  analogous  properties  and  identical  composition,  is  claimed- 
to  be  more  stable  than  Adrenalin  which  is  obtained  from  the 
suprarenal  glands. 

First  Series. 

In  the  first  experiment  12  ampoules  of  Adrenalin  Chloride 
Solution  1  in  10.000  were  u.sed.     The  method  of  standardization 
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of  the  solutions  which  was  used  in  this  as  well  as  in  all  the  fol- 
lowing experiments  was  the  blood-pressure  method,"'  in  which 
the  solution  to  be  tested  is  diluted  till  the  Adrenalin  Chloride 
content  is  1  in  100,000.  This  dilution  is  then  tested  in  compari- 
son with  a  1  in  100. OOo  solution  wliich  is  made  u\)  from  an  accu- 
rately weighed  amount  of  C.  P.  Adrenalin  crystals.  One  ampoule 
in  this  series  was  used  as  a  control  and  its  activity  found  to  be 
equal  to  standard.  The  other  ek'\en  were  placed  in  boiling 
water,  one  ampoule  being  renioNcd  at  the  end  of  each  1")  minutes 
and  tested.    Each  was  found  to  be  of  standard  activity. 

This  experiment  serves  to  show  that  the  activity  of  .Vdrenalin 
Chloride  Solution  in  ampoules  is  not  impaired  by  sterilizing  in 
boiling  water  for  any  period  of  time  up  to  3  hours. 

Second  Series. 

A  second  lot  of  ampoules  of  Adrenalin  Chloride  Solution  was 
used,  one  ampoule  as  before  being  reserved  as  a  control.  The 
others  \vere  sterilized  for  periods  of  15  minutes  each,  and  one 
was  removed  and  tested  after  each  sterilization. 

The  ampoules  for  further  sterilization  were  cooled  lo  room 
temperature  before  being  sterilized  again,  and  the  process  was  not 
repeated  oftener  than  twice  a  day,  so  that  considerable  time 
elapsed  bctwctn  two  sterilizations. 

Results  were  as  fcjllows  : 

.Xinpoulc.  Sterilized.  Activity. 

No.     1 Xot  sterilized  Standard 

No.     2 Once  (15  min.)  Standard 

No.     3 2  times  Standard 

No.     4 3  times  Standard 

No.     5 4  times  Standard 

No.     6 Slimes  Standard 

No.     7 6  times  Standard 

No.     8 7  times  Standard 

No.     9 8  times  MOiurccnt, 

No.  10 9  times  SO  per  , ml. 

No.  11 10  times  SO  \kv  iiiil. 

No.   12 11   times  SO  ju  r  cent. 

These  results  show  thai  amiioiiifs  of  .Ndreiialin  Chloride  Solu- 
tion can  be  sterilized  a  minihiT  oi  times  (  in  this  series  7  times) 


without  any  deterioration,  and  after  that  the  loss  of  activity  is 
gradual. 

Third  Series. 

The  next  experiments  give  a  comparison  of  the  stability  of 
Adrenalin  Chloride  Solution  1  in  1000  w^ith  that  of  an  analogous 
synthetic  substance  of  equal  physiologic  activity.  The  latter  was 
made  by  treating  the  crystals  with  dilute  hydrochloric  acid  and 
diluting  1  in  1000.  The  Adrenalin  Chloride  Solution  used  was 
made  from  C.  P.  Adrenalin  Crystals  and  contained  no  preserva- 
tive other  than  a  slight  excess  of  hydrochloric  acid.  This  solu- 
tion was  tested  and  found  to  possess  standard  activity. 

Three  different  procedures  were  followed  in  sterilizing  the 
solutions,  but  the  conditions  were  duplicated  for  each  solution  in 
order  to  obtain  a  direct  comparison.  The  conditions  to  which  the 
solutions  were  subjected  will  be  briefly  stated  and  the  results 
placed  in  the  form  of  a  table  so  as  to  give  a  better  opportunity  for 
comparison. 

In  the  first  method  of  this  series  10  c.c.  of  the  1  in  1000  solu- 
tion to  be  sterilized  was  placed  in  a  graduated  cylinder,  which  was 
then  plugged  with  cotton,  and  gradually  heated  in  a  water  bath 
to  the  temperature  of  boiling  water.  This  temperature  was  main- 
tained for  15  minutes,  and  at  the  end  of  that  time  the  solution  was 
cooled,  made  up  to  its  original  volume  if  any  loss  due  to  evapo- 
ration had  occurred,  and  one  cubic  centimeter  removed  for  test- 
ing.   This  process  was  repeated  four  times. 

In  the  second  method  25  c.c.  of  the  solution  to  be  sterilized 
was  placed  in  a  tightly  corked  bottle,  which  was  then  partially  im- 
mersed in  boiling  water  for  periods  of  15  minutes  each.  Under 
these  conditions  there  was  no  loss  by  evaporation.  Each  solution 
was  submitted  to  four  periods  of  sterilization  and  a  test  of  its 
activity  made  after  each  period. 

In  the  third  method  of  this  series  20  c.c.  of  the  solution  to 
be  tested  was  placed  in  a  small  open  flask  and  boiled  over  a  flame 
for  5  minutes.  After  each  period  of  boiling  the  loss  due  to 
evaporation,  which  was  considerable,  was  made  up  with  distilled 
water  and  the  activity  of  the  solution  then  determined. 

The  results  of  the  above  experiments  were  all  checked  and  are 
summarized  in  the  following  table : 
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Solutioi;  of  Adreralin  Chloride.       Solution  of  Synthetic  Sub- 


stance. 

1st  ster. 

2nd. 

3rd. 

4th. 

1st  ster. 

2nd. 

3rd. 

4th. 

per 

per 

per 

per 

per 

per 

per 

per 

:ent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

First  Method: 

Cotton  plugged 

; 

tube  in  boiling 

1. 

100 

100 

90 

80 

1.    lOU 

100 

80 

80 

\vater  15  minutes 

\ 

-> 

1(30 

100 

90 

90 

at  a  time. 

Second  Method: 

Tightly  stop- 

) 

pered  bottle  in 

1. 

100 

100 

100 

90 

1.    100 

100 

70 

70 

boiling  water  15 

i 

2. 

100 

100 

90 

90 

2.    100 

90 

80 

80 

minutes  at  a  time. 

Third  Method : 

Boiled  5 

minutes  over 

} 

1. 

100 

100 

90 

7? 

1.    100 

90 

80 

75 

flame  in  open 

\ 

2 

100 

100 

100 

90 

2.  100 

90 

80 

80 

flask. 

The  results  obtained  show  tliat  .\ih-cnahn  Chloride  Sokition 
1  in  1000,  containing  no  preser\ati\c  other  than  a  sh-i^lil  excess  of 
hydrochloric  acid,  can  be  sterihzed  at  least  twice  by  heating  to 
the  temperature  of  boiling  water  under  various  conditions  with- 
out losing  any  activity.  After  this  the  loss  is  quite  gradual,  so 
that  it  probably  would  not  be  noticeable  therapeutically  until  after 
the  fourth  or  fifth  sterilization.  By  a  comparison  of  the  results 
obtained  with  .\drenalin  Chloride  ."-^tilution  and  the  solution  of 
the  synthetic  substance  it  can  l)e  seen  that  the  loss  of  activit\  due 
to  sterilization  occurs  mcjre  (|uickly  in  the  case  of  the  latter  solu- 
tion, and  also  that  the  deterioration  is  more  marked. 

.Si;.\i  .MAin  . 


1.  Adrenalin  (iiloride  .Solution  in  ampoides  lan  \k 
continuously  for  ."5  hours  to  the  temperature  of  l)oilin 
without  any  loss  of  acti\ity. 

■.\  .\flrcnalin  C'hloridi'  ."^ohition  in  ami)ouKs  can  be  s 
by  immersion  in  boiling  water  for  se\en  distinct  i)erio( 
minutes  each  without  loss  of  activity. 

3.  Adrenalin  Chloride  Solution  can  be  exposed  to  the 
sterilized  at  least  twice  under  a  variety  of  conditions  w  ill 
of  a(ti\ity. 

1.  Adrenalin  Chloride  Solution  is  more  stablf  than  t 
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tion  of  a  synthetic  compound  when  both  are  subjected  to  tlie  same 
sterilization  treatment. 

The  results  obtained  disprove  the  statement  that  the  stability 
of  the  synthetic  exceeds  that  of  the  natural  product. 

REFERENCES. 

\^ldrich  :  Jour.  Amer.  Chcm.  Soc,  September,  1905. 

'•^Stoll:    Lancet-Clinic,  June  21,  1913. 

^Houghton:  Jour.  Amcr.  Med.  Assoc,  January  IS,  1902. 


REPRINTS    OF   PUBLICATIONS    FROM   THE   RESEARCH 

LABORATORY,    PARKE,   DAVIS    &    CO., 

DETROIT,   MICH. 

The  present  system  of  collecting  reprints  of  articles  published  from 
the  Research  Laboratory  was  begun  in  1912.  Reprints  of  the  following 
articles  published  subsequent  to  that  time  are  available  and  will  be  sent 
upon  request. 

1.  On  the  Administration  of  Diphtheria  Toxin  in  a  Collodion  Sac. 
By  E  C.  L.  Miller.  {Journal  of  Infectious  Diseases,  \'ol.  8,  January, 
1911,  pp.  50-65.) 

2.  A  Further  Contribution  to  Our  Knowledge  of  Insecticides — Fumi- 
gants.  By  Chas.  T.  McClintock,  H.  C.  Hamilton  and  F.  B.  Lowe. 
{Journal  of  the  American  Public  Health  Associatio)i,  Vol  1,  April,  1911, 
pp.  227-238.) 

3.  Duboisia  Hopwoodii— .\  Histological  Study.  By  Oliver  A.  Far- 
well.     (Reprinted  from  Merck's  Report,  Vol.  20,  May   1,  1911.) 

4  Etiology  of  Canine  Distemper.  By  Newell  S.  Ferry.  {Journal  of 
Infectious  Diseases,  Vol.  8,  June,  1911,  pp.  399-420.) 

5.  The  Resistance  of  Smallpox  Vaccine  to  the  Coal-tar  Disinfectants. 
Bv  Chas.  T.  McClintock  and  Newell  S.  Ferry.  {Journal  cf  the  Amer- 
ican Public  Health  Association,  Vol.  1,  June,  1911,  pp.  418-419.) 

6.  Production  of  Immunitv  with  Over-Neutralized  Diphtheria  Tox'n. 
By  Chas.  T.  McClintock  and  Newell  S.  Ferry.  {Abdruck  Aus  Dcm  Ccn- 
trablatt  fiir  Bakteriologie,  Parasitenkunde  und  hifcctionskrankhciten, 
Abt.   1.  Originale,   Bd.  59,  July   15,    1911,  pp.  456-404.) 

7.  Soaps  from  Different  Glycerides — Their  Germicidal  and  Insecti- 
cidal  Values  Alone  and  Associated  with  Active  Agents.  By  H.  C.  Ham- 
ilton. {Journal  of  Industrial  and  Engineering  Chemistry,  Vol.  3,  August, 
1911,  pp.  582-.S84.) 

8.  The  Sleepy  Grass  of  New  Mexico :  A  Histological  Study.  Bv 
Oliver  A.  Farwell.     {Merck's  Report,  Vol.  20,  October.  1911,  pp.  27\-27i.) 

9.  Some  Ob.servations  on  the  Physiological  Action  of  Sleepy  Grass. 
By  A.  W.  Lescohier.  {Merck's  Report,  Vol.  20,  October,  1911,  pp.  271- 
275.) 

10.  An  Investigation  of  the  Depressor  Action  of  Pituitary  Extracts. 
Bv  Carey  P.  McCord.  {Archives  of  Internal  Medicine,  Vol.  8,  Novem- 
l)er.  1911.  pp.  609-620.) 

11.  The  Physiology  of  the  Pituitary  Gland  and  the  .Xction  of  Its  Ex- 
tracts. By  Carl  |.  \Viggers.  {American  Journal  of  Medical  Sciences. 
\ol.  141,  April,  1911.  pp.  502-515.) 

12.  A  Physiological  Investigation  of  the  Treatment  of  Hemoptvsis. 
By  Carl  J.  Wiggers.  (Archives  of  Internal  Medicine.  \ol.  H,  1911,  pp. 
17-38.) 

13.  Notes  on  Catgut  Sterilization:  A  Preliminarv  Report.  Bv  Wil- 
lard  H.  llulchings.     {Annals  of  Surgery.  \o\.  54.  July.  1911.  pp.  693-095.) 

14.  The  Relations  of  Pyogenic  Microorganisms  to  the  Etiology  and 
Treatment  of  Skin  Diseases'.  By  Henry  Rockwell  X'arney.  {Ohio  State 
Medical  Journal,   December,   1911.) 

15.  A  Micrococcus  with  I'^nusual  Characteristics  as  a  Factor  in  a 
Resistant  Dermatosis  Resembling  .Acne  X'nigaris.  I?y  Henry  Rockwell 
\'arnev  and  L.  T.  ("lark.  {Journal  of  Cutaneous  Diseases,  Vol.  30.  I-'eb- 
ruary.'l912,  pp.  72-78.) 


16.  Serum  Treatment  of  Hemorrhage  and  Blood  Dvscrasias.  By  A. 
\V.  Lescohier.  (New  York  Medical  Journal,  Vol.  95,  February  3,  1912, 
pp.  223-229.) 

17.  Further  Studies  on  the  Bacillus  Bronchicanis,  the  Cause  of 
Canine  Distemper.  By  Newell  S.  Ferry.  (American  Veterinary  Review, 
Vol.  41,  April,  1912,  pp.  77-79.) 

18.  The  Pharmacopoeial  Requirements  for  Cannabis  Sativa.  By  H. 
C.  Hamilton.  (Journal  of  the  American  Pharmaceutical  Association,  \ (A. 
1,  March,   1912,  pp.  200-203.) 

19.  The  Heart  Tonic  Unit.  By  H.  C.  Hamilton.  (American  Journal 
of  Pharmacy,  Vol.  84,  March,  1912,  pp.  97-103.) 

20.  Studies  on  the  Etiology  of  Equine  Influenza.  By  Newell  S. 
Ferry.     (Veterinary  Journal  (London),  Vol.  19,  April,  1912,  pp.  185-197.) 

21.  A  Method  for  the  Bacteriological  Standardization  of  Disinfec- 
tants. By  Tatsuzo  Ohno  and  H.  C.  Hamilton.  (American  Journal  of 
Public  Health,  Vol.  2,  May,  1912,  pp.  331-338.) 

22.  Physiological  Testing.  By  E.  M.  Houghton.  (American  Drug- 
gist, July  and  September,  1911,  and  January  and  April,  1912.) 

23.  Bacillus  Bronchisepticus  (Bronchicanis)  :  The  Cause  of  Distemper 
in  Dogs  and  a  Similar  Disease  in  Other  Animals.  By  Newell  S.  Ferry. 
(Veterinary  Journal   (London),  Vol.  19,  July,  1912,  pp.  376-391.) 

24.  On  Feeding  Young  Pups  the  Anterior  Lobe  of  the  Pituitary 
Gland.  Bv  T.  B.  Aldrich.  (American  Journal  of  Physiology,  Vol.  30, 
July,  1912,  pp.  352-357.) 

25.  A  Practical  Portable  Incubator.  By  Newell  S.  Ferry.  (Abdruck 
Alls  Dcm  Centralblatt  fi'tr  Baktcriologie,  Parasitenkunde  iind  Infcctions- 
krankhciten,  Abt.   1,  Original,   Bd.  65,  Heft  4/5,  1912,  pp.  412-413.) 

26.  Tobacco  Extracts :  Their  Comparative  Values  as  Insecticides. 
By  W.  O.  Hollister.  (Journal  of  Economic  Entomology,  Vol  5,  June, 
1912.  pp.  263-267.) 

27.  The  Pharmacological  Assay  of  Pituitary  Preparations.  By  H.  C. 
Hamilton.  (Journal  of  the  American  Pharmaceutical  Association,  \'ol. 
1,  October,   1912.  pp.   1117-1119.) 

28.  Pituitary  Extracts  in  Obstetrics  and  Gynecology.  By  A.  W. 
Lescohier  and  O.  E.  Closson.  (Journal  of  the  Michigan  State  Medical 
Society,  Vol.  11,  October,  1912,  pp.  650-657.) 

29.  Biological  Products — Veterinary.  By  Robert  H.  Wilson.  (Amer- 
ican Veterinary  Review,  Vol.  41,  September,  1912,  pp.  668-681.) 

30.  The  Isolation  and  Cultural  Characteristics  of  Bacillus  Acne.  By 
Edwin  M.  Stanton.  (Centralblatt  fiir  Baktcriologie,  Parasitenkunde  und 
Infektionskrankheiten,  Original,   Bd.   66,   Heft  5/7,    1912,  pp.  386-389.) 

31.  Studies  on  Hog  Cholera.  By  Walter  E.  King  and  Robert  H.  Wil- 
son.    (Journal  of  Infectious  Diseases,  Vol.  11,  Nov.,  1912,  pp.  441-458.) 

32.  Studies  on  the  Virus  of  Hog  Cholera.  By  Walter  E.  King  and  F. 
W.  Baeslack.  (Journal  of  Infectious  Diseases,  Vol.  12,  Jan.,  1913,  pp. 
39-41.) 

33.  The  Physiological  Activity  of  Cannabis  Sativa.  By  H.  C.  Hamil- 
ton, A.  W.  Lescohier  and  R.  A.  Perkins.  (Journal  of  the  American  Phar- 
maceutical Association,  Vol.  2,  Jan.,  1913,  pp.  22-30. 

34.  The  Iodine  Content  of  the  Small,  Medium  and  Large  Thyroid 
Glands  of  Sheep,  Beef  and  Hogs.  By  T.  B.  Aldrich.  (Original  Communi- 
cations. Eiglith  International  Congress  of  Applied  Chemistry,  Vol.  XIX. 
1912.  pp.  9-14.) 


35.  Studies  on  the  Virus  of  Hog  Cholera.  By  Waher  E.  King  and 
Robert  H.  Wilson.  (Zcitsclirift  fiir  Immumtatsforschimg  und  Experi- 
mcntellc  Tlierapic,  Bd.  16,  Heft  3.  1913,  pp.  367-376.) 

36.  On  the  Cultivation  of  the  Treponema  Pallidum  (Spirochaeta  Pal- 
lida). By  F.  W.  Baeslack.  {Journal  of  Infectious  Diseases,  \o\.  12,  Jan., 
1913,  pp.  55-67.) 

?i7.  Studies  on  the  Gonococcus.  T.  By  Carl  C.  Warden.  {Journal  of 
Infectious  Diseases,  Vol.  12,  Jan.,  1913.  pp.  93-105.) 

38.  Studies  on  the  Virus  of  Hog  Cholera.  By  Walter  E.  King.  F.  W. 
Baeslack  and  George  L.  Hoffmann.  {Journal  of  Infectious  Diseases,  Vol. 
12,  March,  1913,  pp.  202-205.) 

39.  Bacillus  Bronchisepticus — Tts  Relation  to  Canine  Distemper.  By 
X.  S.  Ferrv.  {American  Veterinarx  Revien',  \'o\.  43,  April,  1913,  pp. 
16-30.) 

40.  Drug  Influence  on  Extrasystoles  of  the  Mammalian  Heart.  Bv 
Carcv  P.  .McCord.  (Interstate  Medical  Journal.  \'i>\.  19,  Oct.,  1912,  pp. 
870-880.) 

41.  The  Employment  of  Protective  Enzymes  of  the  Blood  as  a  Means 
of  E.xtracorporeal  Diagnosis.  I. — Sero-Diagnosis  of  Pregnancy.  By  Carey 
P.  McCord.  {Surgerx.  Gxnecologx  and  Obstetrics,  Vol.  16,  April,  1913, 
pp.  418-421.) 

42.  Tribromo-tert-Butyl  Alcohol,  CH^OBr^.  By  T.  B.  Aldrich. 
{Journal  of  the  .Imerican  Chemical  Societx.  Vol.  33,  March,  1911,  pp. 
386-388.) 

43.  On  Feeding  Young  White  Rats  the  Posterior  and  the  Anterior 
Parts  of  the  Pituitar\-  Gland.  Bv  T.  B.  .Mdricli.  {American  Journal  of 
Physiology,  Vol.  31,   Nov.,  1912,  pp.  94-101.) 

44.  The  Rationale  of  the  Use  of  Adrenalin  in  the  Treatment  of 
.Asthma.  By  Carey  P.  McCord.  {Medical  Record,  Vol.  83,  March  8,  1913, 
pp.  431-432.) 

45.  Standardization  of  Disinfectants:  Some  Suggested  Modifications. 
By  H.  C.  Hamilton  and  T.  Ohno.  {American  Jounuil  of  Public  Health 
Vol.  3,  June,   1913,  pp.  582-588.) 

46.  Preventive  Measures  Against  E(|uinc  Inllucnza  Based  on  Tts  Bac- 
teriology. P>y  .\'.  S.  l-"erry.  (Report  of  the  Proceedings  of  tlie  United 
States  Live  Stock  Association,  December,  1912,  p.  127.) 

47.  Correcting  Water.  By  H.  C.  Hamilton.  {Hulletin  of  Pharmacy. 
Vol.  27,  August,  1913,  pp.  330-335.) 

48.  Duration  of  Immunity  Following  Small-i)ox  \'accination.  By  \. 
W.  Lcscohier.  {Journal  of  the  American  Medical  Assneialion.  N'oi.  66, 
Aug.  16,  1913.  page  487-490.) 

49.  On  Crystalline  Kombe-Strni)lianlIiin.  By  I  >.  11.  i'.r.inns  and  O.  E. 
Closson.  {Journal  of  the  .Imerican  I'liarnuiceulical  .Issociation.  May. 
June  and  July,  1913.  Vol.  2.) 

50.  A  Comparative  Study  of  .Antigc-ns  for  the  Wasscrniann  Reaction. 
By  H.  R.  Varncy  and  F.  \V.  Baeslack.  {Journal  of  the  American  Medical 
Association.  Vol.  66,  Sept.  6.  1913,  pp.  754-757.) 

51.  The  Treatment  of  Tetanus.  By  Charles  T.  McClintock  and  Wil- 
lard  H.  Hutcliings.  {Journal  of  Infectious  Diseases,  Vol.  13,  Sei)t.,  1913, 
pp.  309-320.) 

52.  Spirochaeta  Suis,  Tts  Significance  as  a  Pathogenic  Organism. 
Studies  on  Hog  Chlorea.  \',y  Walter  E.  King  and  George  L.  Hoffmann. 
{Journal  of  Infectious  Diseases,  \'ol.   1.3,  Xov..  1913,  pp.  463-498.) 


69 

53.  Time  Recorder  for  Kymograph  Tracings.  By  Oliver  E.  Closson 
(Journal  of  Pharmacologv  and  Experimental  Medicine,  Vol.  5.  Jan.,  1914, 
pp.  235-238.) 

54.  U.  S.  P.  Menstrua.  By  H.  C.  Hamilton.  (American  Journal  of 
Pharmacy,  Vol.  86,  Feb.,  1914,  pp.  56-61.) 

55.  Numerical  Variations  of  the  White  Blood  Cells  in  Mice  Inocu- 
lated with  Transplantable  Adenocarcinoma.  By  F.  W.  Baeslack.  (Zeit- 
schrift  fiir  Intmunitatsforschung  und  Experimentelle  Tlierapie,  Bd.  20, 
Heft  5,  1914,  pp.  421-435.) 

56.  A  Study  of  the  Germicidal  Action  of  the  Ultraviolet  Rays.  By 
E.  M.  Houghton  and  L.  Davis.  (American  Journal  of  Public  Health,  Vol. 
4.  March,  1914,  pp.  224-240.) 

57.  Some  Phenomena  Involved  in  the  Life  History  of  Spirochaeta 
Suis — Studies  on  Hog  Cholera.  By  W.  E.  King  and  R.  H.  Drake.  (I'hc 
Journal  of  Infectious  Diseases.    Vol.  14,  March,  1914,  pp.  246-250.) 

58.  The  Sterilization  of  Adrenalin  Solutions.  By  L.  \V.  Rowe.  (Amer- 
ican Journal  of  Pharmacy,  \'ol.  86,  April,  1914,  pp."  145-149.) 

78696 


INFECTION  AND  IMMUNITY— A  REVIEW. 

By  N.  S.  Ferry. 

(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  Mich.) 

1.     Condition  of  Infection. 

Infection  is  the  successful  invasion  of  the  body  by  living  para- 
sites. The  broader  sense  of  the  term,  however,  conveys  to  our 
minds,  not  only  the  process  of  invasion  and  multiplication  of  the 
microorganisms,  but  also  the  results  of  their  specific  functions 
upon  the  tissues  of  the  body,  the  pathological  process.  Infec- 
tion, therefore,  results  from  the  entrance  into  the  body  of  li\  ing, 
pathogenic  microorganisms,  and  its  symptoms  or  manifestations 
depend  upon  influences  relative  to  invading  microorganisms  as 
well  as  the  body  which  they  invade.  Anything  modifying  either 
the  microorganisms  or  the  host  must  necessarily  have  its  effect 
upon  the  final  result.  There  are,  therefore,  many  conditions, 
some  of  which  are  recognized,  that  control,  to  a  certain  extent, 
infectious  or  diseased  processes. 

Infecting  Agent. — The  conditions  which  modify  infection,  as 
regards  the  infecting  agent,  are  the  virulence,  the  number  of 
microorganisms  gaining  entrance  to  the  body  and  the  mode  of 
entrance. 

Virulence  may  be  defined  as  the  power  of  microorganisms  to 
multiply  within  the  body  and  produce  disease.  If  the  virulence 
is  increased,  if  in  some  way  the  power  of  a  certain  microorganism 
to  produce  a  specific  disease  is  intensified,  then  the  dose  or  the 
number  of  invading  microorganisms  need  not  necessarily  be  so 
large  to  produce  a  like  infection.  We  have,  at  present,  very 
little  knowledge  of  Nature's  way  of  modifying  the  power  of 
microorganisms  to  produce  disease,  although  in  the  laboratory, 
under  experimental  conditions,  we  may  increase  and  decrease 
their  virulence  by  several  methods.  The  most  common  methods 
of  increasing  the  virulence,  are  by  passing  a  pure  culture  of  a 
pathogenic  microorganism  through  an  animal,  growing  the  organ- 
isms upon  culture  media  containing  unheated  body  fluids,  such 
as  blood,  blood  serum  or  ascitic  fluid,  or  in  a  collodion  sac  within 
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the  body  cavity  of  an  animal.  The  value  of  these  methods  de- 
pends upon  the  fact  that  the  microorganisms,  while  developing, 
come  in  contact  with  some  of  the  properties  derived  from  the 
living  animal,  and,  therefore,  approach  Nature  as  closely  as  pos- 
sible. The  virulence  of  the  virus  of  rabies  is  increased  by  passing 
it  successively  through  rabbits,  as  is  also  the  case  of  many  known 
bacteria,  as  the  pneumococcus,  streptococcus  and  others.  The 
virulence  of  the  glanders  bacillus,  the  diphtheria  bacterium  and 
other  microorganisms  is  strengthened  l)y  passage  through 
guinea-pigs.  On  the  other  hand,  the  virulence  of  microorgan- 
isms may  be  decreased  by  remo\ing  them  from  their  natural 
environment  and  regular  source  of  food  supply  and  growing 
them  on  artificial  culture  media.  It  is  found,  as  a  rule,  that 
under  these  conditions  the  growth  of  microorganisms  will  gradu- 
ally become  more  luxuriant  at  the  expense  of  their  virulence. 

There  are  occasions,  however,  when  the  virulence  of  an 
orgam'sm  or  virus  is  decreased  on  passing  through  an  animal. 
While-  the  \irus  of  ral)ics  will  increase  on  passing  through  rab- 
i)ils.  it  decreases  on  being  jjassed  through  monkeys.  This  is 
well  illustrated  also  by  the  smallpox  \irus,  which  prcsunial)ly 
decreases  its  virulence  1)>'  passing  througli  a  licifcr.  and  we 
have,  as  a  result,  a  nnicli  milder  infection.  We  caimot  stale 
this  as  an  absolute  fact  as  the  nature  of  the  \irus  of  smallpox 
or  cowpox  is  unknown,  l^.y  making  use  of  the  cowjxjx  virus, 
or  the  smallpox  virus  in  its  altered  state,  we  have  a  means  of 
protecting  against  the  disease  in  its  natural  state,  as  the  small- 
])Ox  \accine  will  ininiunize  again-t  either  sniallpo.x  or  cowpox. 

Under  ordinary  eoiulitior.s,  gi\en  the  dose  large  enough,  and 
the  organisms  virulent  enough,  to  ])ro(luce  a  specific  infection, 
the  results  will  de])end.  in  a  large  part,  on  the  ])ath  taken  1»\-  the 
invading  nhcroorganisni^.  The  ])ortals  of  inlr\,  or  the  ])aths 
by  which  microorganisms  ,<4ain  I'nlrani'e  to  tlu-  bo<ly.  are  the 
broken  skin,  the  digestive  tract,  the  respiratory  tract,  the  genital 
tract  and  the  conjunctiva.  .Many  of  the  causal  oi-gani^nis  of 
the  acute  infections  are  very  selective  in  tlu'ir  nu'lhods,  produc- 
ing their  specific  diseases  only  when  allowed  to  inter  the  body 
by  certain  paths.  'i"he  typhoid  bacillus  as  well  as  the  cholera 
spirillum  has  cho-en  the  alimentary  tract  as  the  portal  of 
cntrv.    and    will    infect    the    individual    in    no    otlu'i"    vvav.      The 
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gonococcus  elects  the  urogenital  mucous  membrane,  or  the  con- 
junctiva, and  there  is  no  evidence  at  hand  to  prove  that  spe- 
cific symptoms  may  be  produced  whether  through  the  skin,  ali- 
mentary tract  or  respiratory  tract.  The  tetanus  bacillus  pro- 
duces its  deadly  results  through  the  broken  skin  or  mucous 
membrane,  while  the  diphtheria  bacterium  prefers  the  mucous 
membrane  of  the  pharynx,  and  is  seldom  found  in  any  other 
situation. 

Subject  of  Infection. — Pathogenic  bacteria  are  rather  under- 
handed in  their  methods  of  warfare,  for  although  they  are  ever 
present,  they  rarely  attack  the  body  unless  its  natural  defenses 
and  protections  are  disabled  or  broken  down ;  or,  as  we  say, 
the  resistance  is  lowered  and  the  individual  is  susceptible.  In 
this  case,  the  normal  equilibrium  being  in  some  way  disturbed, 
the  dormant  but  virulent  microorganisms,  taking  advantage  of 
the  situation  and  rapidly  increasing  in  number,  produce  the 
infection.  Susceptibility  or  lowered  resistance,  or  in  other 
words,  imperfect  or  impaired  reactive  powers,  are,  as  a  rule, 
brought  about  by  one  or  more  of  the  following  conditions : 
fatigue,  exposure  to  cold,  heat  or  dampness,  poor  hygiene,  noxi- 
ous gases,  drugs,  trauma  and  operation,  other  diseases,  improper 
diet,  thirst  and  age.  How  these  various  conditions  affect  the 
normal  defenses  of  the  body  we  are  at  a  loss  to  explain. 

2.     Varieties  of  Infection. 

The  results  of  the  growth  of  pathogenic  bacteria  within  the 
body  manifest  them.selves  in  an  infinite  variety  of  ways.  After 
the  microorganisms  gain  entrance  to  the  body,  they  may  remain 
at  or  near  the  point  of  entrance,  or  may  find  their  way — by 
means  of  the  blood  stream,  lymph  channels  or  contiguous  tis- 
sues— to  some  remote  spot ;  in  either  situation  they  may  multiply 
and  produce  an  infection.  This  form  of  infection  is  termed 
local,  and  may  be  either  acute  or  chronic,  depending  upon  the 
length  of  time  the  morbid  process  has  continued.  Cerebrospinal 
meningitis,  diphtheria,  tetanus,  the  early  manifestations  of 
gonorrheal  infection,  as  well  as  the  ordinary  pus  infections,  are 
typical  local  infections. 

A  general  infection,  on  the  other  hand,  is  one  in  which  the 
microorganisms   are   found   disseminated   throughout   the  entire 


system.  This  is  termed  a  bacteremia  or  a  septicemia.  Typhoid 
fever  and  pneumonia  are  typical  general  infections.  The  pri- 
mary focus  of  the  infection  is  to  a  certain  extent  localized  (in 
the  lungs  in  pneumonia  and  in  the  intestines  in  typhoid),  but 
the  bacteria  may  be  isolated,  in  the  majority  of  cases,  from 
many  of  the  internal  organs  as  well  as  from  the  blood  stream. 
This  condition  must  be  distinguished  from  that  of  diphtheria 
and  tetanus  (the  toxemias),  in  which  case,  although  the  infec- 
tion is  localized,  the  toxins  and  not  the  bacteria  are  found  dif- 
fused throughout  the  system,  the  symptoms  resulting  from  the 
action  of  these  toxins  alone.  It  is  impossible  to  draw  a  sharp 
line  between  the  local  and  general  infections,  or  the  bacteremias 
and  toxemias,  for  in  many  of  the  local  infections  blood  cultures 
may  show  the  causal  organism  in  the  circulating  blood  stream, 
and  in  all  infections,  both  local  and  general,  there  is  always  some 
general  intoxication  produced. 

A  primary  infection  is  an  original  or  initial  infection,  which 
is  often  followed  by  a  secondary.  It  is.  as  a  rule,  the  principal 
infectious  process  invading  the  body  at  one  time,  although  it 
may  prove  not  to  be  the  one  to  cause  the  death  of  the  indi- 
vidual. 

A  secondary  infection  is  a  condition  found  when  some  other 
infectious  process  is  implanted  upon  or  associated  with  a  primary 
infection.  Secondary  infections  are  usually  caused  by  tlic  pus 
organisms.  When  the  susceptibility  of  the  body,  due  to  its 
lowered  resistance,  following  the  primary  infection,  is  increased, 
the  secondary  organisms,  which  may  have  been  present  in  the 
normal  body  in  a  quiescent  state,  begin  to  multiply,  and  cause 
symptoms  typical  to  themselves. 

Mixed  or  concurrent  infections  occur  when  two  or  more 
different  bacterial  species  are  found  associated,  .\culc  rhinitis, 
an  ordinary  "cold  in  the  head,"  as  it  usually  manifests  itself,  is 
a  typical  example  of  a  mixed  infection. 

Terminal  infections  are  found  in  the  chronic  organic  diseases, 
as  heart  disease  and  Bright's  disease.  In  such  cases,  one  or 
more  pathogenic  microorganisms  gain  entrance  to  the  body,  and, 
encountering  no  resistance,  due  to  the  already  decreased  vitality 
of  the  body,  multiply  with  great  rapidity  and  prodiue  death 
within  a  short  time.     The  primary  disease  niiyhl   have  resulted 
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fatally  in  time,  but  it  is  the  secondary  infection  which  termi- 
nates the  case.  Pneumonia  is  one  of  the  most  frequent  terminal 
infections.  The  terms  "mixed"  and  "secondary,"  or  "secon- 
dary" and  "terminal,"  are  often  used  interchangeably,  for  there 
is  no  hard  and  fast  line  of  distinction  between  them,  except 
that  a  terminal  infection  always  results  in  death. 

3.     Modes  of  Bacterial  Action. 

It  is  generally  believed  that  in  all  infections  the  chief  symp- 
toms are  due  to  the  injurious  nature  of  the  products  formed  by 
the  bacteria,  and  not  to  the  invasion  of  the  bacteria  alone.  In 
many  cases,  however,  the  intoxication  is  absolutely  dependent 
upon  the  invasive  power  of  the  microorganisms,  and  unless  this 
is  strong  enough  to  overcome  the  resistance  of  the  body,  infec- 
tion will  not  result.  On  account  of  the  poisonous  nature  of 
these  products  they  are  termed  toxins.  These  toxins  are  pre- 
sumably of  two  classes,  the  extracellular  or  exotoxins  (diph- 
theria, tetanus)  and  the  intracellular  or  endotoxins  (typhoid, 
pneumonia  and  others).  A  few^  bacteria,  such  as  the  tetanus 
bacillus  and  the  diphtheria  bacterium,  with  very  limited  invasive 
powers,  eliminate  highly  active  specific  toxins,  which  produce 
typical  symptoms  of  the  disease,  even  when  separated  from  the 
bacteria.  These  toxins  may  be  found  in  solution  in  the  liquid 
culture  media  containing  the  growing  microorganisms,  or  in 
the  body,  after  being  formed  by  the  bacteria ;  in  which  case  they 
enter  the  circulation  and  act  upon  parts  of  the  body  remote  from 
the  bacteria  themselves.  The  symptoms  of  the  diseases  are  due 
to  the  toxins.  Unlike  ordinary  chemical  substances,  most  of 
the  true  toxins  act  only  after  a  definite  length  of  time,  or  incu- 
bation period.  Other  varieties  of  microorganisms,  with  inva- 
sive powers  less  limited  than  the  former,  may  be  found  growing 
in  some  localized  area,  but  exciting  actively  destructive  reactions 
in  the  tissues  with  which  they  come  in  contact.  These  are  the 
staphylococci,  streptococci,  gonococci,  meningococci,  and  others. 
Still  another  variety  may  be  found  either  in  a  limited  inva- 
sion, or  in  a  general  infection  where  the  severe  symptoms  are 
also  due  to  toxins,  as  in  pneumonia,  typhoid  fever,  and  cholera. 
Lastly,  we  have  a  variety  of  microorganisms  that  depend 
entirely  upon  the  general  invasion  before  the  toxin  can  produce 


the  injurious  symptoms,  as  with  the  anthrax  bacilhis.  The 
toxins,  however,  in  all  of  the  last  three  varieties  are  endotoxins. 
They  are  not  found  in  the  culture  media  in  which  the  organisms 
grow,  are  isolated  with  difficulty  from  the  microorganisms,  and 
then  only  after  their  death,  and  do  not  produce  symptoms  of 
the  specific  disease  if  injected  subcutaneously  or  otherwise, 
although  they  may  produce  severe  symptoms  and  even  death. 
The  toxic  power  of  these  bacteria  is  intrinsic,  and  is  dependent  in 
great  part  upon  tlieir  invasion. 

4.     Natural  Defenses  oe  the  Body  Agaixst  the  Iwasion 

(JF   MiCROOKGANlSM.S. 

Nature,  with  its  unlimited  resources,  has  endowed  the  human 
body  with  many  wonderful  and  varied  devices  and  means  for 
defending  and  protecting  itself  against  the  invasion  of  micro- 
organisms, and  for  neutralizing  the  deadly  poisons  as  they  are 
formed  during  the  growth  of  these  bacteria  within  the  body. 

The  li.vtenial  Defenses. — For  prc\cnling  the  bacteria  from 
entering  the  body  we  have  the  skin  and  nuicous  membranes.  On 
those  parts  most  exposed  to  injury,  such  as  the  soles  of  the  feet 
and  palms  of  the  hands,  we  find  the  epidermis  or  ctitide  mtich 
thicker  and  tougher  llian  in  other  ])arls.  Tlie  l)actcria  gain 
entrance  through  these  parts  only  b\  means  of  an  injury  to  them. 
For  those  ])arts  of  the  bod\  that  are  not  so  nnich  exposed  to 
external  influences,  and  on  account  of  their  situation  it  is  neces- 
sary that  their  surfaces  rub  together  continuall\ ,  nature  has  pro- 
vided a  lubricant  to  prevent  them  t'li.m  erosion.  The  hi1)ricaiits 
are  the  |)ro(hicts  of  the  secretion^  fi-mii  tlir  sali\ar\.  tlif  gastric. 
the  lacrimal,  the  mucous,  and  tbu  serous  glands.  A-ide  from 
the  protection  afforded  by  the  lubrication  of  the  surfaces,  as  well 
as  an  aid  in  washing  awa\'  the  bacteria,  these'  lUiids  ha\e.  to  a 
certain  extent,  germicidal  or  at  least  antiseptic  propertit's.  I'nder 
normal  conditions,  tln'  ])atliogeiiic  nni-roi  )rgan!snis,  it'  not  killed, 
are  checked  in  their  growth,  ami  often  i)rr\ ciitcd  Irom  nniltipl\ 
ing  and  producing  disease.  We  are  -till  in  the  dark  as  tn  the 
nature  of  these  antise])lic  properties.  \\\'  do  know,  lio\\t'\t'r,  that 
although  we  are  luiable  to  use  an\  of  the  ordinarv  disintcit.ints 
on  thfsf  sm-faces,  oper.itions  ni)<>n  tin-  eye,  mouth,  stomach  or 
aims  are  rarelv  followed  bv  infecti(tn  due  to  eiUrance  of  bacteria 


at  the  field  of  operation.  The  respiratory  tract,  which  is  con- 
stantly invaded  by  foreign  particles,  as  dust,  coal  and  other  debris 
carrying  many  hundreds  of  bacteria  with  them,  is  protected,  not 
only  by  the  mucus  of  the  lining  meniljrane,  but  also  In'  little  hair- 
like processes  called  cilia.  These  are  continually  moving  in  one 
direction,  making  it  possible  for  any  foreign  particles,  which  may 
lodge  upon  the  surfaces,  to  be  gradually  swept  away  from  the 
lungs  toward  the  exterior  of  the  body. 

The  Internal  Defenses. — A  study  of  the  internal  defenses  of 
the  body  brings  us  at  once  to  the  subject  of  immunity.  Immunity 
is  that  condition  of  the  body  whereby  it  resists  the  development 
of  infectious  or  morbid  processes.  The  external  defenses  oppose 
the  entrance  and  retard  the  invasion  of  microorganisms ;  while 
the  internal  defenses  resist  their  development,  or  protect  the  body 
tissues  against  their  poisonous  products,  if,  l)y  chance,  the  micro- 
organisms manage  to  find  their  way  past  the  external  defenses. 
As  we  are  dealing  with  the  products  of  bacteria  (toxins)  as  well 
as  the  bacteria  themselves,  we  must  distinguish  between  an  anti- 
microbic  and  an  antitoxic  immunity.  One  is  an  immunity  to  an 
infection,  while  the  other  is  an  immunity  to  an  intoxication.  An 
individual  may  possess  an  immunity  to  a  certain  microorganism 
or  to  its  toxin,  or  both,  but  the  possession  of  one  property  does 
not  necessarily  imply  the  possession  of  the  other.  The  inocula- 
tion of  an  animal  with  a  large  number  of  Bacteria  diphtherise  will 
not  necessarily  cause  the  appearance  of  unfavorable  symptoms, 
although  the  injection  of  a  very  small  quantity  of  toxin  elim- 
inated by  the  same  strain  of  organisms  invariably  means  death. 
On  the  other  hand,  an  animal  might  be  immunized  against  the 
endotoxin  of  a  virulent  strain  of  an  organism  such  as  the  pneu- 
mococcus,  and  at  the  same  time  succumb  to  the  injection  of  a 
small  number  of  the  live  organisms. 

Theories  of  Immunity. 

From  an  early  period  in  the  history  of  immunity,  there  has 
been  a  tendency  for  investigators  to  be  divided  into  two  schools 
relative  to  the  methods  pursued  by  the  body  in  protecting  itself 
against  the  ravishes  of  pathogenic  microorganisms ;  one  domi- 
nated by  the  idea  that  the  body  fluids  are  chiefly  concerned  (the 


78 

"humoral"  view),  the  chief  supporter  of  which  is  EhrUch ;  the 
other,  championed  by  Metchnikofif,  attributing  the  most  impor- 
tant role  to  certain  cells  of  the  body  (the  cellular  view).  ]\Iore 
recent  work  has  shown  that  these  views  are  not  necessarily  antag- 
onistic, but  that  both  seem  to  have  their  part  to  play  in  the  study 
of  the  processes  of  immunity,  and  one  cannot  be  accepted  to  the 
exclusion  of  the  other.  IJoth  ha\e  their  faults,  and  yet  both  are 
founded  on  certain  dcmonstral^le  facts. 

The  first  attempt  at  an  explanation  which  gave  the  slightest 
ray  of  hope  to  the  solution  of  the  problems  of  acquired  resistance 
of  the  body  against  the  invasion  of  foreign  substances  was  sug- 
gested by  that  brilliant  investigator,  jMetchnikoff.  He  studied 
the  behavior  of  the  white  blood  cells,  and  attributed  the  destruc- 
tion of  bacteria  in  the  body  to  their  activities.  Others  had  pre- 
viously noted  that  bacteria  were  at  times  found  in  these  cells,  but 
]Metchnikoff  made  an  exhaustive  study  of  the  fact,  and  upon  this 
founded  the  Theory  of  Phagocytosis.  The  cells  which  took  up 
and  devoured  or  digested  the  l^actcria  were  called  phagocytes, 
and  r»f  these  he  recognized  two  groups — tlie  small  phagocytes  or 
white  blood  cells,  and  the  large  phagocytes  or  cells  derived  from 
the  endothelial  and  other  tissues  of  the  body.  The  small  phago- 
cytes or  "microphages,"  as  Metchnikoff  termed  them,  seem  to 
attempt  to  defend  the  body  against  the  acute  infectious  diseases, 
while  the  large  phagocytes  or  "macrophages"  ])a\-  more  attention 
to  the  animal  parasites,  and  to  the  microorganisms  which  cause 
chronic  infections. 

Khrlich's  theory,  the  Side  Chain  Theory,  on  the  other  hand, 
is  based  on  the  idea  ihat  the  pnnx^ss  of  iinmunil)  is  of  a  tliemical 
nature;  and  tliat  tin-  antibody  arises  from  the  normal  body  cells, 
and  has  nothing  to  do  with  the  phagocytes.  lie  believes  that  the 
normal  body  cell  consists  of  a  central  comi)lex  protoplasm,  giving 
it  defmite  and  special  properties.  With  the  comjilex  protoplasm 
are  associated  other  combinations,  similar  to  those  in  the  ])enzol 
ring  in  chemistry,  which  have  the  function  or  propeiMx  of  combin- 
ing with  extracellular  oi-  outside  ni;iteii;i!.  .ind  :\vv  called  rt'ceplors 
or  side  chains.  In  ]ierforming  the  normal  and  vvvvy  da\-  luiic- 
tions,  as  the  assimilation  and  absorption  of  food  after  digestion, 
certain  of  these  celK  in  the  1)0(|\-  lia\-e  their  ])art  to  jilay  in  the 
act.      'i'lie    assimilation    is   due    to   a   rluinical    union    betwei'u    the 
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recei)tors  of  the  cell,  on  the  one  hand,  and  the  nutrient  material 
on  the  other,  brought  to  them  by  the  blood  and  lymph  from 
the  digestive  apparatus.  By  means  of  this  chemical  union 
of  the  receptor  and  nutrient  material,  the  protoplasm  of  the  cell 
is  fed.  As  in  chemistry,  in  order  for  a  certain  molecule  to  enter 
the  ring  or  be  assimilated  by  the  protoplasm  of  the  cell,  it  must  be 
able  to  satisfy  the  affinity  of  some  receptor;  so  in  the  every-day 
functions  of  the  body  the  nutrient  material  must  hnd  its  corre- 
sponding receptor,  or  side  chain,  before  it  can  enter  the  cell. 
Ehrlich's  theory,  therefore,  depends  upon  the  supposition  that 
toxins  or  poisons,  like  food  or  nutrient  material,  can  combine 
with  certain  receptors  and  then  enter  the  cell  and  destroy  it. 
Ehrlich  found  that  the  property  of  the  diphtheria  toxin  to  com- 
l)ine  with  the  antitoxin  was  constant,  while  the  property  of  pro- 
ducing disease  was  variable,  and  from  this  was  led  to  believe  that 
the  toxin  molecule  had  two  parts  or  groups — the  toxic  part  or 
toxophore  group,  and  the  non-toxic  part  or  haptophore  group. 
He  demonstrated,  also,  that  the  toxin  molecule  combined  with 
certain  cells,  by  means  of  this  haptophore  group  attaching  itself 
to  the  receptor  of  the  cell.  The  haptophore  group,  therefore,  is 
the  link  which  attaches  the  toxic  part  of  the  toxin  molecule  to  the 
receptor  or  side  chain  of  the  cell,  and  without  it  the  toxin  mole- 
cule would  have  no  effect  whatever  upon  the  cell.  The  hapto- 
phore group,  or  combining  group,  is  always  constant ;  while  the 
toxophore  group,  or  disease-producing  group,  is  variable.  If  the 
toxin,  after  attaching  itself  to  the  cell,  damages  it  to  any  great 
extent,  it  causes  the  cell  to  die.  If  enough  of  the  cells  are  thus 
damaged,  the  body  as  a  whole  is  overcome  by  the  poison  and 
fatal  results  follow.  On  the  other  hand,  if  the  cell  is  slightly 
aft'ected,  as  is  found  in  producing  artificially  active  immunity,  the 
cell  in  losing  one  receptor  proceeds  at  once  to  generate  and  pro- 
duce others.  In  this  process  of  regeneration  there  is  an  over- 
production of  these  receptors,  which  are  cast  off  into  the  system, 
and  find  their  way  to  the  blood  stream,  lymph  channels  and  pos- 
sibly the  tissue  juices.  Although  these  receptors  are  cast  off 
from  the  cells,  they  are  still  able  to  combine  with  the  toxin  mole- 
cule. The  cast-off  receptors  or  side-chains  are  the  antibodies  or 
antitoxins,  and  by  combining  with  toxin,  either  in  another  animal 
body  or  in  the  test  tube,  will  neutralize  it  and  produce  a  chem- 
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ically  inert  substance.  The  receptor,  therefore,  becomes  an  anti- 
toxin as  soon  as  it  is  cast  off,  but  not  until  then.  These  receptors 
may  remain  in  the  individual  or  animal  in  which  they  are  formed, 
and  continue  to  protect  the  body.  This  is  the  active  immunity 
we  see  following  infectious  diseases  and  called  naturally  acquired 
immunity,  or  following  forced  immunity,  as  seen  in  an  animal 
immunized  against  the  diphtheria  toxin  or  the  tetanus  toxin, 
called  the  artificially  acquired  immunity.  These  receptors  may 
be  transferred  to  another  animal  body,  producing  a  condition  rec- 
ognized when  an  individual  is  injected  with  antitoxin,  either  for 
prophylactic  or  curati\e  purpose,  called  passive  immunity.  In 
order  to  satisfy  other  conditions  of  immunity,  Khrlicli  found  it 
necessary  to  distinguish  three  orders  of  receptors.  The  side- 
chain  theory,  in  fact,  is  built  up  on  such  an  ingenious  plan  that 
almost  any  condition  imaginable  in  immunity  may  be  accounted 
for  by  producing  other  orders  of  receptors.  In  the  first  order  we 
find  the  simple  receptor,  which  combines  with  the  haptophore 
group  of  the  toxin  nKjlccule.  In  lliis  order  are  placed  the  aiUi- 
toxins.  Agglutinins  and  precipitins  are  included  in  the  receptor 
of  the  second  order,  and  the  cytolysins,  including  the  bacterio- 
lysins,  are  of  the  third  order. 

5.       I.\IMl-NITV. 

We  will  first  <li\ide  innnunity  into  Xatuial.  Inherited  and 
Acquired.  Natural  imnumity  is  the  inherent,  innate  insuscepti- 
bility to  disease.  It  is  ditlicult,  therefore,  according  to  our  i)res- 
ent  knowledge,  to  discriminate  between  natural  and  inherited 
immunity.  It  is  a  well  kncnvn  and  recognized  fact  that  certain 
species,  races  and  indixiduaU.  nndrr  ap]):irently  the  same  con- 
ditions, are  very  roislanl  to  xniie  infections,  .iiul  that  others  are 
extremely  susce|)tible  to  the  same  infections.  T\phoid  fevei, 
cholera,  diphtheria,  scarlet  fe\er,  nicisles.  whooping  cough. 
niimips  and  otlur  <Iiseases  occur  in  man  onl\  ;  aniinaK  aie  nat- 
urall>  imnunie.  Some  of  tJie  diseases  whicli  arc  found  in  animals 
alone  are  hog  cholera  (swine),  contagious  pK  nropneumonia 
(cattle),  equine  influenza  (horses  and  nniltsi,  and  blackleg 
(sheep  and  heifers).  Diseases  common  to  liotli  man  .and  animals 
are  tuberculosis,  anthra.x,  glandirs,  p\ainia.  trtanus,  plague,  ac- 
tinomvcosis,  cowpox   .and   main    others.      There  are.  also,  excep- 
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lions  to  these.  The  goat  and  dog  are  considered  naturally 
immune  to  tuberculosis.  While  ordinary  sheep  are  susceptil^le 
to  anthrax,  Algerian  sheep  are  resistant.  Rats  are  immune  to 
anthrax,  while  other  rodents  are  not.  Pigeons  are  immune  to 
anthrax,  while  most  birds  are  susceptible.  Snake  venom  is 
extremely  poisonous  to  both  man  and  animals,  with  one  excep- 
tion; hogs  are  immune.  The  field  mouse  is  very  susceptible  to 
the  glanders  bacterium,  while  the  white  mouse  is  immune. 
Another  very  interesting  fact  which  may  be  considered  an  exam- 
ple of  natural  immunity  is  found  in  the  mosquito.  The  Culex 
does  not  harbor  the  parasite  of  malaria,  while  the  /Vnopheles  is 
its  common  host.  The  ability  to  transmit  yellow  fever  is  limited 
to  one  particular  species  of  mosquito,  the  Stegomyia  calopus. 
Individual  dilferences  in  immunity,  or  the  natural  power  of 
resistance  under  similar  existing  conditions,  occur  every  day.  In 
an  epidemic  of  typhoid  fever,  due  to  a  contaminated  water  sup- 
ply, some  individuals  become  infected  while  others  do  not;  and 
this  may  occur  in  the  same  family.  Again,  with  whooping- 
cough,  scarlet  fever,  measles  or  any  of  the  acute  contagious  dis- 
eases of  childhood,  one  of  the  children  in  a  family  may  become 
infected,  while  the  others  will  remain  well.  The  immunity  is 
oftentimes  carried  through  the  lifetime  of  the  individual. 

Acquired  Immunity. — An  acquired  immunity  is  that  form  of 
immunity  gained  by  a  susceptible  individual  during  the  life  of 
that  individual.  It  differs  from  the  natural  immunity,  in  being 
less  certain  and  having  a  variable  duration.  We  have  two  vari- 
eties of  acquired  immunity — naturally  acquired  and  artificially 
acquired. 

Naturally  Acquired  hnmunity. — Naturally  acquired  immunity 
is  established  as  the  result  of  the  spontaneous  cure  of  an  infec- 
tious disease.    This  is  termed  by  some  accidental  infection. 

Recovery  from  some  of  the  acute  infectious  diseases  confers 
a  lifelong  immunity  to  the  individual,  while  an  attack  of  others 
results  in  a  decreased  resistance.  Smallpox,  scarlet  fever,  typhoid 
fever,  measles,  whooping-cough,  mumps  and  other  infections  pro- 
duce an  immunity  which  is,  as  a  rule,  lasting;  although  a  few 
cases  are  recorded  of  a  second  and  even  a  third  attack,  as  the 
length  of  the  immunity  does  not  depend  upon  the  severity  of  the 
infection.     On  the  other  hand,  pneumonia  and  influenza  not  only 


do  not  produce  an  immunity,  but  usually  render  the  individual 
more  liable  to  subsequent  attacks.  Some  diseases,  therefore,  pro- 
duce an  increased  resistance,  while  others  an  increased  suscepti- 
bility. 

Artificially  Acquired  Immunity. — Artificially  acquired  im- 
numity  is  produced  by  intentional  inoculation.  This  may  be  either 
for  experimental  or  therapeutic  purposes,  but  always  with  some 
definite  end  in  view.  This  sort  of  immunity  may  be  active  or 
passive. 

Actiz'C  Immunitw — In  the  acti\e  form,  the  inununizcd  indi- 
vidual gains  its  power  of  resistance  by  the  unaided  reaction  of 
its  own  tissues,  or  in  other  words,  it  manufactures  its  own  anti- 
bodies. In  every  case  the  ininnmit\-  depends  upon  sj)ccilic  reac- 
tions on  the  part  of  the  cells  and  tissues  of  the  individual.  The 
best  example  of  this  form  of  immunity  is  illustrated  in  the  horse 
which  has  been  immunized  with  diphtheria  toxin  to  i)roduce  the 
antitoxin.  The  animal  is  injected  with  a  dose  of  toxin  not  large 
enough  to  prove  fatal,  but  toxic  enough  to  ])ro(]uce  a  reaction. 
The  horse  becomes  ill  and  recovers,  the  symptoms  lasting  but  a 
few  days.  This  process  is  repeated  until  the  animal  is  al)le  to 
stand  an  amf)unt  of  toxin  many  Inmdred  times  the  fatal  dose. 
After  the  lirst  injei-tion  something  has  cliangtMl  in  the  animal,  for 
it  will  not  again  react  in  the  same  way  to  the  same  dose.  The 
cells  or  tissues  of  the  body  ha\e  ac(|uirc'(l  a  new  property  by 
their  own  physiological  activity,  and  this  is  termed  active  arti- 
ficially acquired  immunity.  .Such  immunity  is  always  gained  at 
the  expense,  and  often  at  the  risk,  of  the  individual  acquiring  it. 
There  are  man\-  different  wa\s  of  jjroducing  this  form  of  im- 
munity. It  may  be  ])ro(luce(l  either  b\  means  of  the  bacteria 
thcmsehes  or  their  products.  I'"x])eriment;i]ly  we  ma\'  use  the 
five  virulent,  the  attenuated,  or  the  dead  bacteria,  but  tlierapeu- 
tically  the  li\c'  \irulent  bacteria  are  not  injected  into  the  body 
on  account  of  the  danger  attendant  n]>on  ^urli  treatment.  W  lier- 
ever  possible,  ior  ]»ro]ih\  Ku'tie  purpose^,  the  alteiuiated  organ- 
isms are  prefir.ibk'  to  the  (k'ad.  beeause  the  s\ni])toms  are  the 
result  of  a  mild  infei'tion,  calling  fctrth  more  of  a  si)ecilic  reac- 
tion on  the  part  of  the  tissues  and  cells  of  the  body,  thereby 
resulting  in  a  more  lasting  imnumity.  in  ])reparing  these  attenu- 
ated organisms  for  the  production  of  active  immunity,  the  more 
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of  their  natural  characteristics  they  are  allowed  to  retain,  witli 
safety  to  the  patient,  the  more  potent  will  be  the  result. 

Bacteria  may  be  attenuated  by  mechanical  or  natural  means. 
The  mechanical  methods  are  heat,  chemicals,  desiccation,  and 
dialysis.  The  organisms  are  washed  or  scraped  off  the  solid  cul- 
ture media,  thrown  down  by  centrifugation  from  the  liquid  culture 
media,  or  else  are  taken  as  they  grow  in  the  liquid  culture  media 
and  are  heated  just  enough  to  retard  their  growth  or  diminish 
their  virulence.  The  tissues  of  the  animal  body  in  which  the  bac- 
teria are  growing  may  be  allowed  to  undergo  the  same  treatment. 
A  typical  example  of  an  attenuated  product  of  this  last  sort  is 
blackleg  or  symptomatic  anthrax  vaccine.  Subjecting  the  bacteria 
in  a  similar  manner  to  certain  chemicals  or  their  fumes  may  pro- 
duce the  same  results.  We  may  also  attenuate  bacteria,  while  still 
growing  in  the  culture  media,  by  subjecting  them  to  heat  or 
chemical  influence  as  in  the  production  of  Pasteur  Anthrax  Vac- 
cine. In  growing  under  these  artificial  or  unnatural  conditions, 
some  sort  of  a  change  takes  place  in  the  microorganisms.  They 
become  less  virulent,  and  when  injected  the  resulting  symptoms 
are  atypical  of  the  disease.  The  Pasteur  vaccine  for  rabies  is 
attenuated  by  desiccation.  Whether  this  is  in  fact  an  attenuation 
of  the  organism  or  merely  a  dilution  of  the  virus  caused  by  the 
death  of  many  of  the  organisms  is  a  question.  We  may  also 
attenuate  or  modify  a  virus  by  dialysis.  In  this  manner  the 
immunizing  substance,  whatever  it  may  be,  is  allowed  to  remain 
intact  at  the  expense  of  the  toxin  part  of  the  virus  which  is 
apparently  dialyzable.  The  natural  method  of  attenuation  is  by 
passing  the  microorganisms  through  certain  animals.  This  is 
rarely  accomplished,  but  it  has  been  done,  as  in  the  case  of  the 
passage  of  the  rabies  virus  through  monkeys.  The  gradual  cessa-. 
tion  of  an  epidemic  after  weeks  or  perhaps  months  of  the  most 
virulent  types  of  infection  is  probably  often  the  result  of  a  natural 
attenuation  of  the  causal  organism. 

In  preparing  dead  bacteria  for  immunizing  purposes,  we  strive 
to  kill  the  microorganisms,  but  not  destroy  their  products.  Among 
these  products  are  the  endotoxins.  We  heat  the  bacteria,  or 
cause  them  to  come  in  contact  with  certain  chemicals  in  the  form 
of  solutions  or  gases,  just  to  the  point  of  stopping  their  growth. 
Heat  has  been  the  generally  accepted  agent  for  killing  the  bac- 
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teria  used  for  therapeutic  purposes,  although  suspensions  of  tlic 
bacteria  may  be  made  with  dilute  germicides,  as  the  coal-tar 
products  or  other  antiseptics,  just  strong  enough  to  kill  them,  but 
not  to  produce  an  injurious  effect  upon  the  therapeutic  value  of 
the  vaccine  or  upon  the  patient  receiving  the  treatment.  Here 
again  it  must  be  borne  in  mind  that  the  more  injury  to  which  we 
subject  the  organisms  one  way  or  another,  the  less  will  be  the 
production  of  immunity.  Heat  being  recognized  as  antagonistic 
to  those  funtions  of  bacteria  which  have  to  do  with  the  produc- 
tion of  immunity,  it  behooves  us  to  use  as  little  heat  as  possible 
in  the  process  of  devitalizing  the  organisms.  Suspensions  of  dead 
bacteria,  especially  those  intended  for  prophylactic  purposes, 
prepared  without  the  aid  of  heat,  are  being  recognized  more  and 
more  as  superior  to  those  treated  according  to  the  original  method. 
Therapeutically  these  suspensions  of  dead  bacteria  are  used  in 
dilute  form,  and  are  called  bacterial  vaccines  or  bacterins.  These 
vaccines  may  be  used  either  prophylactically  to  prevent  the 
invasion  of  the  bacteria  or  curatively  to  assist  Nature  in  fighting 
an  infection  after  the  invasion  of  pathogenic  bacteria  has  already 
been  accomplished.  It  is  claimed  by  some  of  the  best  authorities 
that  the  older  the  strain  of  organisms,  the  less  will  be  their 
immunizing  properties ;  therefore,  those  isolated  recently  from  a 
diseased  process  are  preferable  to  those  grown  for  a  considerable 
length  of  time  away  from  their  natural  environments.  This  is 
known  not  to  be  true  for  all  organisms,  especially  the  typhoid, 
and  it  may  not  hold  for  any.  That  the  immunizing  proj^erties  or 
toxin-producing  properties  of  bacteria  do  not  go  hand  in  hand 
with  their  disease-producing  properties  is  an  already  known  fact. 
The  best  toxin-producing  strain  of  diphtheria  bacilli  with  which 
wc  are  familiar  is  known  to  be  practically  avirulent.  If  tliis  holds 
true  for  the  extracellular  toxin  i)roducers.  the  same  sliduld  ])er- 
tain  to  the  endocellular  toxin  prf)ducers.  It  is  not  necessary  for 
an  organism  to  be  \iriilenl  and  young  in  order  to  be  a  toxin  pro- 
ducer, and.  therefore,  why  should  it  ha\e  to  i)e  freshly  isolated 
and  virulent  to  be  an  immunizer? 

It  is  also  claimed  that  certain  organisms  which  are  allowed  to 
remain  for  variable  lengths  of  tiiue  in  contact  with  their  hoiuo- 
logfjus  antiserums  will  retain  their  imnuuiizing  properties  while 
loosing  their  ])athogenic  properties.      The  process  of  neutralizing 
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the  toxic  properties  of  the  organism  with  the  antitoxin,  termed 
sensitization,  appears  to  attenuate  the  organisms  without  the  aid 
of  heat  or  chemicals. 

The  bacterial  products,  or  the  toxins,  which  are  employed 
experimentally  and  practically,  for  the  production  of  immunity 
in  animals  in  the  preparation  of  antisera,  are  the  exotoxins  and 
the  endotoxins.  Of  the  few  exotoxins,  only  two  are  used  to  any 
great  extent,  the  diphtheria  and  tetanus.  We  are  unable  to  use 
these  soluble  toxins  directly  for  therapeutic  purposes,  on  account 
of  their  extremely  harmful  specific  nature.  Immunity  is  pro- 
duced with  them,  as  has  already  been  explained  in  the  case  of 
the  horse  in  the  preparation  of  antitoxin  serums,  but  this  im- 
munity is  forced  and  at  the  risk  of  the  individual  immunized,  so 
that  for  therapeutic  purposes  the  treatment  would  be  even  more 
dangerous  than  the  disease  itself.  A  process  somewhat  ana- 
logous to  sensitization  of  bacteria  may  be  mentioned  in  this  con- 
nection. It  is  known  that  active  immunity  may  be  produced  by  a 
soluble  toxin  such  as  the  diphtheria  toxin,  so  long  as  it  has  been 
sensitized  or  even  over-neutralized  by  its  own  antitoxin  before 
injection.  The  toxic  portion  of  the  toxin  molecule  is  neutralized 
or  rendered  inert  without  apparently  modifying  the  immunizing 
properties.  This  principle,  which  has  lately  been  applied  by 
Behring  to  the  active  prophylactic  immunization  of  the  human 
against  diphtheria,  has  been  used  in  this  country  several  years  for 
the  production  of  active  immunity  in  animals,  especially  the 
horse,  and  was  suggested  several  years  ago  by  Smith  for  use  in 
the  human.  The  idea  is  not  original  with  Behring.  By  far  the 
greater  number  of  pathogenic  bacteria  do  not  produce  soluble 
toxins  in  the  liquid  culture  media  in  which  they  are  grown,  but 
do  liberate  poisonous  products,  when  the  bacterial  cells  are  disin- 
tegrated. These  poisonous  or  toxic  products  are  termed  the  endo- 
toxins, and  when  injected  into  animals,  immunize  them  to  a  cer- 
tain extent  against  the  invasion  of  the  specific  microorganisms 
from  which  the  endotoxins  were  obtained.  The  serum  of  the 
thus  immunized  animal  has  become  antibacterial.  Experiments 
have  shown  that  it  will  kill  the  specific  bacteria,  by  causing  them 
to  break  up  (a  condition  recognized  as  lysis)  either  in  the  animal 
or  the  test  tube.  It  is  termed  a  bactericidal  serum  with  proper- 
ties   called    bacteriolytic.      Besides    containing    these    substances 


which  kill  bacteria,  the  serum  has  been  endowed  with  some  proij- 
erties  which  catise  the  bacteria  to  clump  together  or  agglutinate. 
called  agglutinins,  and  oth.ers  which  render  the  bacteria  more 
readily  ingested  by  the  phagocytes,  called  the  opsonins,  and  still 
others  which  produce  a  precipitate  of  the  specific  or  homologous 
bacterial  proteids  by  means  of  substances  called  precipitins. 

Active  immunity  is  produced  artificially  not  only  with  bac- 
terial toxins,  but  also  with  animal  poisons,  as  snake  \enom, 
spider  toxin  and  eel  seriun ;  and  ])lant  poisons,  such  as  tliose 
extracted  from  abrin,  ricin.  crotin  and  the  j)oisonous  mushrooms. 
From  these  poisons,  which  are  soluble  toxins,  antitoxins  may  be 
obtained  by  immunizing  animals  with  them.  Of  all  of  these  ani- 
mal and  plant  poisons,  snake  venom  is  the  only  one  used  for  ther- 
apeutic purposes.  By  means  of  this,  an  antitoxin  is  produced 
which  has  marked  prophylactic  properties  against  snake  bites,  and 
is  used  extensively  in  countries  where  the  poisonous  snakes 
abound. 

PassiT'c  hiiiiiunity. — Passixe  immunity  is  tlial  forni  of  im- 
munily  which  ile])cnds  upon  defensive  factors  not  originating  in 
the  animal  protected,  but  artilicially  su])]^]ic(l  to  it.  The  protec- 
tive material  or  antibody  is  furnished  reail\  -made  at  the  risk  of 
another  animal,  and  although  the  effect  is  secured  at  once,  the 
immunity  is  only  temporary.  The  best  illustration  is  of  that 
immunit}-  produced  by  the  injection  of  antidi])lulurii-  serum. 
The  diphtheria  organisms  are  grown  in  bouillon  lo  ])roducc  the 
dil)htheria  toxin.  The  lior-e  is  injected  with  tliis  diphtheria  toxin 
and  becomes  acli\el>-  immumzed  to  the  toxin.  The  srrum  which 
contains  the  antibody,  formed  by  the  tissues  of  the  horse,  is 
injected  into  the  patient  suffering  with  the  disease  caused  l)y  the 
diphtheria  organisms.  The  antibody  is  carried  from  tlu'  horse, 
by  means  of  this  seriun,  to  ihr  ii.itieiu.  who  beconii's  imnunii/'ed 
to  the  diphtheria  toxin  ;il  once.  The  tissues  .and  cells  of  the 
patient,  therefore,  are  abs<jlulely  passive  in  tlu'  ir.in^action,  for 
tiic  immunity  is  actually  forced  upon  them.  It  is  not  llu'  risult 
of  their  physioUjgical  acti\it\',  lu-nce  tlu'  tiTin  p,i>si\c'  inii)iunil\. 
The  animal  furnishing  the  ilefensi\i'  m.iter.d  nnist  prex  iously 
have  been  actively  immuni/e(l.  I'assixe  imnumity  ni.iy  be  pro- 
duced by  injei'ting  the  t'ollowing  substances  uhicli  i-o'U:iin 
defensive  materials  : 
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1.  Blood  serum  of  animals  actively  immunized  by  artificial 
methods. 

2.  Blood  serum  of  animals  actively  immunized  l\v  natural 
methods. 

Although  the  introduction,  into  susceptible  aniiuals,  of  bUjod 
serum  of  animals  actively  immunized  by  natural  methods,  such 
as  those  recovering  from  an  infectious  disease,  raises  their  resist- 
ance to  a  certain  degree,  the  immunity  is  not  pronounced,  nor  is 
it  lasting.  The  best  results  are  obtained  from  those  animals 
which  are  artificially  immunized,  especially  in  the  production  of 
diphtheria  and  tetanus  antitoxin.  The  antitoxic  serum  is  formed 
by  the  repeated  injection  of  toxin  during  an  extended  period  of 
time,  while  the  quantity  is  pushed  to  the  limit,  so  that  the  anti- 
toxic strength  or  potency  (antitoxin  units  per  Cc.)  of  the  serum 
is  as  high  as  possible. 

Passive  immunity  may  be  of  tvvo  kinds,  antitoxic  and  anti- 
bacterial, depending  upon  whether  the  individual  was  immunized 
with  antitoxic  or  antibacterial  serum.  The  antibacterial  serums 
are  not  as  specific  as  the  antitoxic,  and  therefore  have  not  the 
same  relative  therapeutic  value. 

The  antitoxic  serums  are  the  antidiphtheric  and  antitetanlc. 
The  antibacterial  serums  are  the  antigonococcic,  antimeningo- 
coccic, antistreptococcic  and  antituberculic. 

G.     Special  Phenomena  of  Immunity. 

It  has  been  shown  that  antitoxins,  according  to  Ehrlich's 
scheme,  are  cast-ofif  receptors  of  the  first  order,  and  that  in  order 
to  explain  other  phenomena  occurring  in  immunity,  as  agglutina- 
tion, precipitation,  cytolysis,  bacteriolysis,  and  hemolysis,  it 
becomes  necessary  to  demonstrate  other  orders  of  receptors. 

Agglutinins. — In  1(S95  Griiber  and  Durham  discovered  that 
when  a  few  drops  of  an  antibacterial  serum  were  added  to  a  sus- 
pension of  homologous  or  corresponding  bacteria,  the  micro- 
organisms within  a  short  time  would  be  found  in  clumps.  This 
phenomenon  was  termed  agglutination,  and  was  said  to  be  due 
to  definite  bodies  in  the  serum  called  agglutinins.  The  practical 
application  of  this  reaction  to  the  diagnosis  of  typhoid  fever  was 
brought  out  independently  by  Griinbaum   and  Widal,   although 
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\Aldal  was  the  first  to  publish  his  results.  The  Widal  reaction, 
or  the  phenomenon  of  agglutination,  may  be  produced  by  most 
of  the  antibacterial  serums,  and  observed,  therefore,  m  many  of 
the  bacterial  infections,  although  the  reaction  is  variable,  and  is 
more  specific  and  definite  in  some  than  others.  The  cast-off 
receptors  or  agglutinins,  which  have  to  do  with  the  formation  of 
the  clumps  in  the  phenomenon  of  agglutination,  have  not  only  a 
haptophore  affinity  as  in  the  case  of  receptors  of  the  first  order, 
but  also  another  group,  called  a  zymophore  group.  Wlien  an 
animal  is  immunized  to  a  certain  microorganism,  these  receptors 
of  the  second  order  are  formed  along  with  others,  and  many  of 
them  of  course  are  liberated.  These  cast-off  receptors  or  agglu- 
tinins, therefore,  attach  themselves  to  the  specific  bacteria  by 
means  of  the  haptophore  affinity,  and  produce  the  agglutination 
by  means  of  the  zymophore  group  acting  upon  these  attached 
microorganisms.  The  haptophore  group  selects  and  picks  up  the 
bacteria,  while  the  zymophore  group  produces  the  reactic^n. 

Precipitins. — The  receptors  concerned  in  the  precipitation 
reaction  are  formed  similar  to  those  in  the  agglutination  reaction. 
When  the  blood  or  serum  of  a  human  being  is  repeatedly  injected 
into  the  peritoneal  cavity  of  a  ral)l)it.  the  serum  of  llial  ral)bit 
acquires  the  property  of  preci[)itating  the  human  serum,  if  nfixed 
in  the  test  tube.  The  receptors  or  i)recipitins  are  formed  and 
liberated  during  the  injections  of  .serum  into  the  rabbit.  Tliese 
receptors  have  a  haptophore  affinity  which  attaches  itself  to  the 
serum  of  the  human  being,  while  the  zymophore  group  produces 
the  precipitation.  If  the  serum  of  this  rabbit  is  mixed  with  the 
serum  of  any  other  animal,  the  reaction  will  not  take  jilace,  for 
this  haptophore  group  can  only  attach  itself  to  human  scrunt,  and 
the  zymophore  group  can  only  reat-t  when  llir  liaplopliori.'  group  is 
thus  attached.  The  reaction  is,  therefore,  a  spnilu-  lest  for  the 
presence  of  blood. 

Cytolysins. —  It  has  been  fouii'l  that  whrii  suspensions  of 
various  cells  are  injtcted  into  an  anim.il.  ccil.iin  substances  are 
formed  in  that  animal  and  found  in  the  serum  which  -aw  injurious 
to  cells  similar  to  those  injected.  'IMie  cells  injccli'd  in;i\-  be  bac- 
terial celK.  blood  ci-lls.  epitlic-lial  crib,  ri'ii.al  crlls,  lirpalir  cells. 
and   others,   but    it    must    be   borne   in   nund    that   the   destructive 
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bodies  are  specific  only  for  the  kind  of  cells  injected.  For 
instance,  if  we  inject  red  blood  cells  from  a  human  being-  into  a 
rabbit,  then  the  serum  of  that  rabbit  will  be  injurious  to  human 
red  blood  cells  but  not  to  kidney  cells  or  liver  cells,  and  not  red 
blood  cells  of  any  other  species.  It  can  be  seen  that  in  order  to 
explain  this  phenomenon  it  becomes  necessary  to  have  a  more 
elaborate  receptor  or  side  chain  than  for  any  of  the  previous 
combinations.  At  least  two  distinct  substances  are  formed  which 
react  upon  the  cells  in  question,  and  these  two  substances  must 
be  able  to  combine  with  each  other  before  the  reaction  can  take 
place.  These  two  combining  substances  are  termed  amboceptor 
and  complement.  The  amboceptor,  the  immune  body  or  recep- 
tor, is  formed  by  the  body  cells  during  the  process  of  injecting 
the  red  blood  cells,  bacteria  or  other  cells,  while  the  complement 
is  always  present,  and,  therefore,  a  normal  constituent  of  the 
serum.  The  immune  body  or  amboceptor,  which  is  the  cast-off 
receptor,  must  not  only  be  able  to  unite  with  the  specific  cell,  sim- 
ilar to  the  antitoxin  of  the  first  order,  and  the  agglutinin  of  the 
second  order,  but  go  a  step  further  and  unite  with  another  sub- 
stance or  body,  the  complement.  It  therefore  must  have  two 
haptophore  affinities,  one  for  the  complement  and  one  for  the 
specific  cell.  The  final  reaction,  the  destruction  of  the  cells,  is 
produced,  however,  by  the  complement,  and  although  this  is 
present  in  the  normal  serum,  it  cannot  perform  its  function  with- 
out the  aid  of  the  amboceptor,  which  is  only  formed  bv  the 
injection  of  the  cells. 

Opsonins. — In  studying  the  action  of  phagocytes  on  bacteria, 
it  has  been  found  that  it  is  not  primarily  a  reaction  between  the 
leucocytes  and  bacteria,  as  was  thought  by  Metchnikoff  and  his 
school,  but  is  a  more  complicated  reaction.  Wright  and  Douglas 
have  demonstrated  that  certain  substances  in  the  blood  serum  are 
necessary  before  the  reaction  can  take  place.  These  substances 
which  act  upon  the  bacteria  and  prepare  them  for  the  leucocytes 
are  called  opsonins.  What  sort  of  changes  the  opsonins  pro- 
duce in  the  bacteria,  rendering  them  susceptible  to  the  action  of 
the  leucocytes,  is  not  known. 

Hektoen  and  Rurdiger  have  shown  that  the  opsonins  resemble 
the  toxins,  in  that  they  apparently  have  a  toxophore  and  hapto- 
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phore  "group,  one  to  unite  with  the  bacteria  and  the  other  with 
the  leucocytes.  The  relationship  between  the  opsonins  and  the 
other  immune  substances,  as  the  agglutinins  and  cytolysins,  has 
practically  been  proven,  so  it  appears  that  the  opsonic  theory 
represents  a  connecting  link  between  the  phagocytic  thet)ry  of 
Metchnikoff  and  the  side-chain  theory  of  Ehrlich.  It  may  pos- 
sibly be  demonstrated,  in  the  future,  that  l^^hrlich's  theory  is 
simply  an  aid  in  explaining  the  action  of  the  phagocytes  in  infec- 
tion, and  that,  after  all,  the  leucocytes  may  have  the  most  impor- 
tant part  to  play  in  the  phenomena  of  immunity. 

7.       AXAI'IIVLAXIS   AND    SeRUM    SiCKNESS. 

One  of  the  best  descriptions  of  anaphylaxis  is  given  by  Hiss 
and  Zinsser.  "By  anaphylaxis  is  meant  the  following  train  of 
phenomena:  When  a  foreign  protcid  i>  inlrofhiccd  by  sul)cu- 
taneous,  intraperitoneal,  intravenous  or  sulxlural  injection  (or  in 
some  cases  by  feeding)  into  the  animal  body,  after  a  time  there 
will  appear  a  specific  hypersusceptibility  of  the  animal  for  this 
proteid.  After  a  definite  interval,  a  second  injection  of  the  same 
substance,  harmless  in  itself,  will  produce  violent  symptoms  of 
illness  and  often  rapid  death  in  an  animal  so  prepared.  The 
phenomena  are  not  limited  to  any  given  class  of  proteids.  but 
are  manifest  in  the  case  of  animal,  vegetable  and  bacterial  pro- 
teids, and  within  certain  limits  are  specific."  A  typical  reaction 
may  be  seen  in  a  guinea  pig  which  has  been  injected  with  normal 
horse  serum.  Following  an  extremely  small  initial  dose  of  the 
l)rf)teid  (0.00  J  Cc. )  the  anaph\  lactic  stale  usually  (leveloi)s  after 
ten  to  fourteen  da\s.  After  a  large  dose  the  lime  re(|uire!l  for 
the  development  of  the  anaphylaxis  is  usually  longer;  ii  may 
even  extend  cjver  weeks  or  months.  Many  theories  ha\e  been 
offered  for  the  explanation  of  the  i)henomen(in  of  anapliyla.Kis, 
but  none  are  at  all  satisfactory.  Without  goin.i.;  inlo  tlu'  exposi- 
tion ()f  these  different  theories,  we  will  take  up  onr  wliirli  seems 
to  offer  the  most  ])lausiblc  and  at  the  same  tinir  llir  simplest 
imcrpretation  of  all. 

It  has  been  found  that  liie  proU  id  niMlrc  nie.  on  l)eing  split  uj) 
by  chemical  methods,  contains  a  toxic  and  a  non-toxic  substance. 
It  has  also  been  determini'«l  tli;ii  this  [<>\\c  substance  !•>  unlike  the 
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toxin  formed  by  the  diphtheria  bacillus,  in  that  it  does  not  pro- 
duce a  neutralizing  body  similar  to  antitoxin,  when  injected  into 
an  animal.  It  does  seem  to  produce,  however,  a  substance  or 
body  resembling  the  hemolysins,  termed  proteolysin,  which  is 
capable  of  breaking  up  any  molecule  of  the  same  substance,  which 
may  be  subsequently  injected  after  a  certain  length  of  time.  The 
hemolysins  break  up  the  red  blood  cells,  setting  free  the  hemo- 
globin, while  this  substance,  the  proteolysin,  breaks  up  the  pro- 
teid  molecule,  setting  free  the  toxic  portion.  The  toxic  portion 
of  the  proteid  molecule  is  extremely  poisonous,  and  if  enough  is 
set  free  in  the  animal,  fatal  results  will  follow  within  a  few  min- 
utes. By  making  a  direct  application  of  this  theory,  let  us  see 
how  anaphylaxis  may  take  place  in  a  guinea  pig.  A  small  amount 
of  horse  serum  (0.004  Cc.)  is  injected  into  a  guinea  pig.  The 
proteid  of  this  serum  contains  a  toxic  substance,  which,  acting 
upon  the  guinea  pig,  produces  a  body  we  have  called  proteolysin. 
This  body  does  not  form  at  once,  but  appears  to  take  about  ten 
days,  and  when  once  formed  will  remain  in  the  guinea  pig  for 
the  remainder  of  its  life.  Now  after  the  required  interval  the 
guinea  pig  is  again  injected  with  horse  serum,  this  time,  however, 
with  a  much  larger  dose.  The  body  or  substance,  the  proteolysin, 
which  was  formed  by  the  guinea  pig  following  the  first  dose  of 
serum,  now  acts  upon  the  proteid  of  the  second  dose  of  serum, 
splitting  it  up  at  once  into  the  toxic  and  non-toxic  parts.  On 
account  of  the  large  amount  of  serum  constituting  the  second 
dose  the  amount  of  toxin  set  free  must  be  relatively  large,  and 
acting  upon  the  tissues  of  the  guinea  pig  produce  a  train  of  symp- 
toms recognized  as  the  phenomenon  of  anaphylaxis.  Vaughan 
and  Wheeler  of  Ann  Arbor  were  able  to  separate  the  proteid 
molecule  into  a  toxic  and  non-toxic  portion,  and  with  the  toxic 
portion  experimentally  produce  symptoms  similar  to  anaphy- 
laxis, so  it  would  seem  that  the  theory  so  far  is  well  founded. 

The  facts  as  regards  anaphylaxis  of  which  we  are  practically 
certain  are  as  follows  : 

1.  A  condition  of  hypersusceptibility  or  hypersensitiveness  is 
produced  when  a  small  quantity  of  proteid  is  injected,  and  :\ 
condition  of  immunity  is  produced  when  a  sufficiently  large 
dose  is  given. 
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2.  The  symptoms  are  more  severe  and  specific  the  smaller  the 
first  or  sensitizing  dose,  to  a  certain  limit. 

3.  If  a  dose  is  given  the  animal  some  time  between  the  first 
or  sensitizing  dose,  after  the  first  day,  and  the  second  or  fatal 
dose,  a  condition  of  antianaphylaxis  is  produced  which  im- 
munizes the  animal  to  the  fatal  dose. 

4.  The  condition  of  anaphylaxis  may  be  transmitted  from  a 
sensitized  animal  to  another  through  the  serum,  \vliich  is  termed 
passive  anaphylaxis. 

.5.  The  condition  of  anaphxlaxis  may  be  transmitted  from 
mother  to  offspring. 

6.  Animals  sensitized  to  one  proteid  are  not  sensitive  to  sub- 
sequent injections  of  other  proteids ;  the  reaction,  therefore, 
])eing  more  or  less  specific. 

T.  The  quantity  for  the  second  injection  should  be  consider- 
ablv  larger  than  the  first  or  sensitizing  dose. 

8.  Animals  recovering  from  the  second  injection  arc  there- 
after immune  to  the  same  substance. 

9.  After  ten  days  following  the  sensitizing  dose  the  animal  is 
always  susceptible  to  the  second  dose. 

Other  phenomena  somewhat  <>f  this  nature,  which  ])n>l);il)ly 
depend  upon  the  ])rincipk's  iiudKed  in  anaphyla.xis,  or  at  least  in 
hypersensitizalion  (allergy),  are  seen  in  the  tuberculin  and  nial- 
lein  reactions.  The  animal  nr  indixidual  is  probably-  sensitized 
by  the  primary  infection,  whiU-  the  injt'ction  of  the  mallein  or 
tuberculin  produced  the  typical  reaction,  which  is  slight,  and 
which  is  due  to  the  small  anioinu  of  the  dose.  If  the  dose  is 
large  very  severe  symptoms  or  even  death  have  been  known  to 
follow.  Another  condition  or  reaction,  which  has  been  compared 
to  anaphylaxis,  is  that  of  serum-sickness.  Il  has  bcni  known  for 
several  years  that  the  injection  oi  antitoxic  sera  in  human  beings 
is  often  folIowe<l  by  various  skin  eruptions,  pain  in  tlu'  joints, 
swelling  of  the  lymph  glands,  often  allnnnimn-ia  and  t'rvcr.  These 
symptoms  api)eared  after  an  incubation  ol'  from  two  to  trn  days. 
It  was  also  early  found  that  these  .sympionis  had  nothing  to  do 
with  the  antitoxic  reaction  of  the  serum,  hut  were  dependent 
upon  i)r()|)erties  peculiar  to  the  serum  it.self.  Normal  horse 
serum   will  produce  the  same  symptoms.     It  seems  certain  that 
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are  unable  to  determine  the  exact  relationship.  Anaphylaxis  in 
animals  only  follows  the  second  injection,  whereas  serum-sickness 
often  follows  the  first  injection.  The  patient  is  more  liable  to 
the  condition  the  greater  the  ntmiber  of  injections  given,  llie 
size  of  the  dose  does  not  seem  to  make  much  difference  in  serum- 
sickness.  The  phenomenon  of  serum-sickness  is  seen  in  about 
•^0  per  cent  of  the  cases  injected  with  antitoxic  serum.  The 
symptoms  may  at  times  l)e  troublesome,  but  fatal  cases  traceable 
to  serum-sickness  are  unknown,  or  at  least  have  not  been  proven. 
There  are  a  few  cases  on  record  where  death  followed  suddenly 
on  the  injection  of  antitoxic  serum,  but  these  are  very  rare, 
although  very  much  magnified  by  opponents  of  serum-therapy. 
This  condition  has  been  termed  sudden  death.  While  it  would 
appear,  in  explanation  of  this  condition,  that  the  fatal  symptoms 
were  traceable  in  some  way  to  anaphylaxis,  other  suggestions 
have  been  offered  which  seem  mtich  more  plausible,  as  they 
have  been  to  a  certain  extent  backed  up  by  the  post-mortem  find- 
ings, such  as  the  shock  of  the  injection  upon  an  already  o^'er- 
burdened  heart,  or  upon  one  suffering  from  the  condition  known 
as  status  lymphaticus. 

Knowing  that  the  larger  part  of  the  antitoxin  is  contained  in 
the  globulins  of  the  serum,  it  has  been  found  advantageous  to 
use  these  globulins  in  the  prophylaxis  and  treatment  of  diphtheria 
in  place  of  the  whole  serum.  As  a  result,  the  percentage  of  cases 
of  serum  sickness  has  been  greatly  reduced.  This  is  explained 
on  the  assumption  that  as  the  amount  of  proteids  injected  are 
necessarily  decreased,  the  chances  of  proteid  poisoning  are  les- 
sened. Although  serum  sickness  is  of  less  frequent  occurrence 
than  formerly,  showing  the  relative  increase  in  the  safety  of  the 
globulin  over  the  whole  serum,  yet  a  point  has  been  raised  as  to 
the  relative  immunizing  value  of  the  globulins  as  compared  to  the 
whole  serum,  and,  along  the  same  fine,  the  relative  value  of 
serums  of  high  antitoxic  potency  as  compared  to  those  of  low. 
It  has  been  suggested  that  we  do  not  obtain  the  same  results, 
unit  for  unit,  with  serums  of  concentrated  antitoxic  content  as 
we  did  when  this  method  of  specific  therapeutics  was  first  inau- 
gurated and  large  quantities  had  to  be  injected  due  to  the  low 
antitoxic  content  of  the  serums.     That  is  to  sav,  some  maintain 
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that  we  do  not  obtain  relatively  the  same  therapeutic  results, 
from  the  immunity  point  of  view,  with  1  Cc.  of  a  globulin  con- 
taining 3000  units  per  Cc.  or  3  Cc.  of  a  serum  containing  1000 
units  per  Cc.  as  we  did  with  10  Cc.  of  a  serum  containing  only  300 
units  per  Cc.  This  is  a  point  which  only  time  and  experience 
can  answer. 

The  following  table  will  compare  fairly  well  the  three  condi- 
tions, according  to  the  facts  we  ha\e  been  al)le  to  ol:)tain  up  to 
the  present  time : 


Anaphylaxis. 

1.  Condition  is  manifest 
only  after  second  injec- 
tion. 

2.  Symptoms  appear  within 
an  hour.  Difficult  to  kill 
within  five  minutes. 

3.  Very  severe  symptoms, 
usually   resulting  fatally. 


4.  Fatal  dose  must  be  very 
large  in  proportion  to 
therapeutic  dose  for  man. 
5  Cc.  for  a  guinea-pig, 
corresponding  to  3  pints 
for  a  man. 

r>.  .'\nimal  must  be  ''sensi- 
tized" by  a  previous  dose 
of  the  same  proteid,  with 
an  interval  of  at  least  10 
days. 

6.  If  a  dose  is  given  the 
animal  some  time  be- 
tween the  first  dose  and 
the  fatal  or  second  dose, 
the  animal  will  be  im- 
munized to  the  last  dose. 

7.  The  condition  of  anaphy- 
laxis may  be  transmitted 
from  a  sensitized  animal 
to  another  through  the 
scrum  (Passive  Anaphy- 
laxis). 

8.  The  condition  of  anaphy- 
laxis may  be  transmitted 
from  mother  to  offspring. 

it.  Animals  sensitized  to  one 
protcid  arc  not  sensitive 
to  subsequent  injections 
of  other  protcids. 

10.  Animals  recovering  from 
the  second  injection  arc 
thereafter  immune  to  the 
same  substance. 


Scrum  Sickness. 

1.   Condition   often   manifest 
after   first   injection. 


2.  Symptoms  usually  appear 

after     an     incubation    of 
from    two    to    ten    days. 

3.  Symptoms  disappear  with- 
in a  few  davs  and  leave 
no  bad  results. 

4.  Size  of  dose  of  little  im- 
portance. 


5.   Previous  dose   apparently 
not  necessary. 


Sudden  Death. 


1. 

Condition  usuallv  mani- 
fest   after    first    injeciion. 

2. 

Symiitonis  appear  imme- 
diately. 

."?. 

Svini)tonis  alwavs  result 
fatally. 

4. 

Si/e  of  (lose  apparently 
not   important. 

Previous  dose   apparently 
not  necessary. 


.('>.    Not  known ;  experimental.       0.   Not  known. 


may   be   pos- 
prcbable. 


I  he  patient  is  the  more 
lialile  to  the  'ondilioii 
the  greater  the  number 
of   injections   given. 
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8.     Relation  of  Biologic  Products  to  Immunity. 

Bacterial  Vaccines  (dead  bacteria),  active  immunity. 

Smallpox  Vaccine  (attenuated  virus),  active  immunity. 

Blackleg  Vaccine  (attenuated  organisms),  active  immunity. 

Anthrax  Vaccine,  Pasteur  (attenuated  organisms),  active 
immunity. 

Antitoxic  Sera  (blood  serum),  passive  immunity. 

Antibacterial  Sera  (blood  serum),  passive  immunity. 

Tuberculins  (dead  bacteria  and  bacterial  products),  active 
immunity. 

Rabies  Vaccine   (attenuated  virus),  active  immunity. 
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DISINFECTION. 

What    Disinfectant    is    the    Most    Generally    Applicable    for 
Clinical,  Surgical  and  Sanitary  Purposes  ? 

BY   HERBERT  C.    HAMILTON,  DETROIT,   MICH. 
(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  Mich.) 

Phenol,  discovered  in  1834,  was  at  first  thought  to  be  identi- 
cal with  wood  creosote,  which  at  that  time  was  regarded  very 
highly  as  a  disinfectant.  This  was  proved,  however,  to  be  incor- 
rect, and  while  there  were  points  of  resemblance  there  were  also 
several  properties  not  common  to  both.  Beechwood  creosote  is 
less  poisonous  and  more  germicidal  than  phenol  proper,  but  it 
is  only  very  slightly  soluble,  coagulates  albumens  more  com- 
pletely, and  for  various  other  reasons  is  almost  discredited  except 
for  a  few  special  purposes. 

The  discovery  by  Lister  (1871)  that  suppuration  of  wounds 
could  in  almost  every  case  be  prevented  by  use  of  carbolic  acid 
gave  a  great  impetus'  to  its  use  as  a  germicide  and  antiseptic. 
This  work  was  the  basis  of  the  whole  modern  theory  and  prac- 
tice relating  to  microorganisms,  not  only  as  they  apply  to  Lisier's 
special  field  of  surgery  but  to  that  of  sanitation  as  well. 

Probably  no  discovery  in  biology  has  been  more  revolutionary 
and  far  reaching  than  his,  since  he  shares  with  Pasteur  the  honor 
of  demonstrating  the  connection  between  microorganisms  and 
processes  of  infection.  Lister  found  carbolic  acid  to  be  exceed- 
ingly efficient,  and  recommended  it  highly  because  of  its  ready 
adaptability  to  the  processes  of  aseptic  surgery.  While  it  is  fatal 
in  3-  to  5-per-cent  solution  to  the  vegetative  forms  of  microbial 
life,  it  is  not  always  effective  against  spores  in  any  dilution  or 
even  in  pure  form  except  at  high  temperatures.  However,  be- 
cause of  retaining  its  effectiveness  in  the  presence  of  salts,  acids, 
alkalies,  and  even  protein,  it  ranks  above  mercuric  chloride  for 
some  purposes,  although  under  ideal  conditions  the  latter  is  many 
times  as  efficient. 

That  portion  of  coal-tar  oil  which  remains  after  phenol  is 
removed  was  first  recognized  as  having  antiseptic  value  when  it 
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was  used  for  pickling  limber,  a  process  patented  in  1836  in 
England.  It  is  still  an  open  question  what  constituent  of  the 
heavy  coal-tar  oils  is  most  valuable  as  a  preservative,  but  its  use 
for  this  purpose  served  to  direct  attention  to  the  strongly  germi- 
cidal character  of  certain  of  its  constituents.  A  part  of  the  oil, 
later  known  as  creosote  oil  because  of  its  similarity  to  wood 
creosote,  was  prepared  as  a  disinfectant  as  early  as  1874.  The 
first  preparation  of  importance  was  that  known  as  creolin,  pre- 
pared in  1887.  It  was  analyzed,  and  its  composition  made  known 
to  the  scientific  world  in  1889.  Since  that  time  the  number  of 
such  preparations  has  increased  enormously,  and  at  the  present 
time  there  are  hundreds  of  the  coal-tar  disinfectants  composed  of 
creosote  oil  and  soap  and  containing  various  proportions  of  phe- 
nols. The  germicidal  values  of  these  range  from  that  with  a 
coefficient  of  1,  or  about  equal  to  pure  phenol,  to  those  of  ex- 
cei)tional  value  with  coefficients  of  10  or  more,  depending  on  the 
amount  and  character  of  the  phenols  present. 

The  phenol  coefficient  is  a  term  used  to  designate  the  \aluc 
of  a  germicide.  Since  carbolic  acid  or  phenol  is  well  known  as  an 
efficient  disinfectant,  its  value  is  taken  as  unity,  and  the  value  of 
any  other  substance  similarly  used  can  be  expressed  by  a  number 
called  its  coefficient,  which  indicates  how  many  times  more,  or 
in  some  cases  less,  the  disinfectant  can  be  diluted  than  phenol  and 
retain  an  equal  germicidal  value.  Because  of  the  infinite  variety 
of  combinations  in  coal  tar,  a  chemical  assay  will  not  give  a  very 
accurate  indication  of  the  efficiency  of  an  oil.  Its  real  value  can 
be  ascertained  only  by  actual  com])arison  with  ])henol,  using  B. 
typhosus  as  the  test  organism,  and  finding  the  dilutions  of  the 
samj)lc  which  are  as  efficient  as  certain  dilutions  of  ijIh-uoI. 

Tbc^e  phenols  are  so  called  from  tlu-ir  reseniblani-c  to  carbolic 
acid  or  plu'iiol  ])roprr,  ami  are  more  or  less  closcl\  allied  to  it 
both  ill  ( ()m])o^ition  and  in  properties.  They  differ,  Iiowhmt,  in 
several  important  characteristics.  With  few  exceptions  they  are 
liquid  and  will  not  crystallize  as  carbolic  acid  does;  they  are  very 
slightly  soluble  in  water,  and  rc-qnirc  a  ^-olxcnt  of  sonic  character 
to  bring  them  into  a  condition  in  wliirli  tlicir  ai'ti\ily  can  be 
measured  and  applied;  tlu\  arc  iiuicli  k-ss  jioisoiioiis  and  corro- 
si\e  than  phenol,  ;iiiil  arc  nioic  stron,i^l\  gciniicidal.  (  lieinically 
the  phenols  of  ordinary  coal  tar  differ  from  (  aibolic  arid  in  hav- 
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ing  one  or  more  organic  radicals  attached  to  the  benzol  ring.  The 
graphic  formula  for  benzol  is  theoretically  considered  to  be  a 
hexagon,  familiarly  known  as  the  benzol  ring.  Each  angle  of  the 
hexagon  is  occupied  by  a  CH  group,  and  on  this  simple  form 
thousands  of  organic  compounds  are  built  up  I>\-  additions  or 
substitution. 

Phenol  and  cresol  or  cresylic  acid  are  shown  below  in  their 
generally  accepted  formulae : 


CH  ./  \|  CH 

CH  1^  ^  CH 

CH|^\|CH 

CH  '.^^  CH 

CH  L^^  CH 

ChIv^^C-CH3 

CH 

CH 

CH 

Benzol. 

Phenol. 

Cresol. 

It  is  possible  by  synthesis  to  prepare  derivatives  still  more  strongly 
germicidal  than  those  occurring  naturally  in  the  coal  tar. 

The  insoluble  character  of  the  phenols  and  of  the  creosote  oil 
containing  them  requires  the  use  of  an  agent  to  be  incorporated 
with  these  oils  which  will  allow  the  formation  of  a  homogeneous 
solution  or  emulsion  when  the  product  is  mixed  with  water. 

Because  of  the  different  kinds  of  oils  used  and  the  necessarily 
different  treatments  to  prepare  a  substance  miscible  with  or 
soluble  in  water,  the  coal-tar  disinfectants  differ  among  them- 
selves. These  differences  are  unimportant  except  from  the  view- 
point of  efficiency,  and  on  this  basis  the  disinfectants  may  be 
classified  into  three  groups  : 

Group  1,  those  with  a  phenol  coefficient  of  about  2  which  are 
soluble  in  soft  water,  to  make  a  clear  solution.  Compound  Solu- 
tion of  Cresols  U.  S.  P.  is  an  example  of  this  group. 

Group  2,  the  ordinary  type  of  coal-tar  disinfectants  with 
coefficient  of  2  to  G  which  emulsify  when  mixed  with  warm,  soft 
water. 

Group  3,  the  high  coefficient  disinfectants  which  also  emulsify 
when  mixed  with  water,  but  which  are  efficient  when  much  more 
highly  diluted. 

There  are  certain  advantages  in  using  these  coal-tar  deriva- 
tives which  make  them  far  superior  to  most  other  disinfectants. 
These  may  be  summarized  as  follows : 

Convenience. — Compared  with  dissolving  carbolic  acid  crystals 
to  make  a  3-  to  5-per-cent  solution  it  is  much  easier  to  dissolve 
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any  member  of  these  groups.     Some  can  be  dissolved  in  water 
in  any  proportion;  any  one.  if  properly  made,  can  be  dissoUed 
readily  to  make  a  stronger  solution  than  is  possible  to  obtain  with 
carbolic  acid  crystals. 

Efficiency. — The  members  of  (iroup  1  will  dissolve  readily  to 
make  a  solution  of  any  desired  strength,  frcmi  that  of  pure  car- 
colic  acid  down  to  one  that  is  merely  antiseptic. 

The  members  of  Group  2  are  more  efficient — a  one-  or  two- 
per-cent  solution  usually  far  exceeding  the  efficienc\-  of  the 
strongest  solution  of  phenol. 

Thf  members  of  (iroup  '.\  are  still  more  efficient,  as  their 
|;hcn(jl  coefficients  indicate. 

.S"a/r/v.^The  coal-tar  disinfectants  are  practicalh'  neither 
toxic  nor  corrosi\e  when  diluted  for  use  on  the  ])asis  of  their 
efficiencies. 

Character  of  Solution.-  The  formula  for  almost  all  the  coal- 
tar  disinfectants  is  such  that  the  solution  is  alkaline  and  soapy, 
which  aids  its  penetration.  There  is  \ery  little  if  any  coagulation 
of  protein  to  hinder  jienetration  and  lower  the  etliciency. 

It  is  e\idcnt  froiu  the  aboxe  comparisons  that  ihr  ])ro])er  use 
of  the  coal-tar  disinfectants  rei)resenls  a  distinct  ad\  ance  o\er 
that  of  carbolic  acid.  I'"\en  the  one  factor  of  safcl\-  alone  is  sulVi- 
cient  reason  to  exclude  the  latter  from  general  use. 

C'omijaring  the  coal-lar  disinfectants  with  those  of  the  metallic 
salts  and  gaseous  disinfectants  the  most  important  poiiU  lo  be 
considered  is : 

.  Idaptahilify.-  .^^uljihile^  and  sulphurons  acid  .ind  I'eirous  sails 
are  strictly  limited  in  their  tisefulness  to  such  conditions  where 
the  abstraction  of  oxygen  or  water  is  delrinieinal  oi-  destruc'.ixe 
to  the  life  and  de\elopmcnt  of  baiieria,  etc.  (  alcinni  hxpochlorile 
and  potassium  ])ernianganate  are  \alnalile  wlnri'  bacU'i'iai  lite  i-- 
endangere<l  b\  the  action  of  oxygen,  the'-e  substances  being  o.\- 
idi/.ing  agents  either  directly  or  indirectly.  It  is  e\i(lent.  there- 
fore, that  such  -nbstaiu-es  are  not  generall\  applicable  as  disin- 
ft-ctant^.  I'or  iiuril'ying  watcT  oi-  sew, age  wlure  (jxid.ition  ot 
organic  matter  is  as  im|)orlant  as  gernncid.d  .action  tlu'  oxidi/iiig 
agents  are  cspeciall\  adapted. 

■Mercuric  cllloridi'.  wbile  being  bigbb  etticie't  uudei-  exce])- 
tional  conditions,  is  so  readih  deslro\ed  or  '■o  lowirel  in  elli  ie  •c\- 
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under  ordinary  conditions  that  it  is  not  a  dependable  disinfectant. 
It  is  precipitated  by  protein,  soap  and  sulphur  compounds;  it  is 
limited  in  its  penetrating  properties  because  of  the  coagulating 
action  on  albumen  ;  it  inhibits  the  growth  and  does  not  kill  organ- 
isms after  short  exposures ;  it  is  exceedingly  poisonous  and  irritat- 
ing. 

Formaldehyde  is  limited  in  its  usefulness  to  its  application  as  a 
gaseous  disinfectant.  In  this  field  no  preparation  can  replace  it; 
but  a  solution  of  the  gas  in  water  applied  as  a  liquid  disinfectant 
is  far  inferior  to  phenol. 

The  comparisons  made  above  indicate  that  even  the  ordinary 
coal-tar  disinfectants  when  properly  prepared  are  superior  to 
|)henol  under  all  conditions,  and  surpass  all  other  disinfectants 
aside  from  the  purposes  for  which  the  latter  are  peculiarly 
adapted. 

Recently  coal-tar  disinfectants  of  much  higher  efficiency  have 
been  prepared.  The  coefficients  of  some  of  these  in  fact  are  so 
high  that  the  correctness  of  such  statements  is  seriously  ques- 
tioned. The  origin  and  chemical  character  of  the  oils  from  which 
these  are  prepared  are  more  or  less  indefinite.  Whether  the 
ch.aracter  of  the  coal  or  the  method  of  distillation  by  which  the 
oils  are  produced  is  responsible  for  the  high  germicidal  value  is 
not  generally  known.  That  it  is  not  produced  in  America  might 
indicate  that  the  character  of  the  coal  is  at  least  partly  respon- 
sible for  the  difiference.  The  methods  used  in  producing  gases 
from  coal  for  use  in  the  steel  and  iron  industries  differ  in  England 
from  those  followed  in  America.  It  is  a  well-known  fact  that 
the  temperature  maintained  and  the  presence  or  absence  of  air, 
during  the  destructive  distillation,  very  markedly  influence  the 
character  of  the  resulting  products.  In  one  case  the  benzols 
appear  to  oxidize  to  phenols,  in  another  they  appear  to  poly- 
merize to  naphthaline,  anthracene,  etc.  This  being  true,  it  may 
be  that  still  another  series  of  compounds  results  from  a  slight 
dift'erence  in  the  conditions  obtaining  during  this  destructive 
process.  The  chemical  composition  has  been  claimed  by  Worrall 
( Rideal's  Disinfection  and  Disinfectants)  to  be  such  as  to  place 
them  among  the  organic  compounds  that  are  entirely  different 
from  the  phenols  of  coal  tar.     Another  writer  attempts  to  throw 
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a  veil  of  mystery  over  them  by  assigning  them  to  the  class  of 
diphenyls. 

For  the  purpose  of  this  article  the  composition  and  structure 
of  those  high  coefficient  oils  are  unimportant.  The  sanitarian  is 
more  concerned  with  the  efficiency  of  the  disinfectant  prepared 
from  them.  Is  there  real  value  in  it  in  proportion  to  the  claimed 
efficiency?  Can  confidence  be  placed  in  the  statement  of  its  value 
when  this  so  far  exceeds  that  of  phenol  and  similar  disinfectants? 
The  question  may  also  suggest  itself,  How  is  it  possible  that  a 
product  less  toxic  and  less  corrosive  than  carbolic  acid,  prac- 
tically harmless  when  diluted  as  it  can  and  should  be  before  using, 
is  so  exceptionally  active  that  bacteria  are  killed  in  dilutions  15 
to  20  times  as  great  as  can  be  safely  recommended  for  phenol? 

The  average  user  of  a  disinfectant  rarely  knows  from  results 
whether  it  is  efficient  or  not,  because  he  has  neither  the  facilities 
nor  the  skill  to  test  it,  and  because  incomplete  disinfection  or 
entire  absence  of  it  may  not  be  followed  by  any  infection  directly 
traceable  to  such  a  failure.  Even  the  chemist,  however  familiar 
he  may  be  with  disinfectant  oils,  cannot  determine  with  certainty 
the  efficiency  of  any  product  entirely  by  its  chemical  properties. 
Bacteriological  rather  lli;in  chemical  control  is,  therefore,  a  very 
essential  requirement  for  disinfectants.  Hygienic  measures  are 
too  vitally  important  to  be  open  to  suspicion  regarding  the  sub- 
stances used.  The  methods  of  applying  them  arc  so  often  open 
to  question  that  the  substances  must  be  in  the  highest  degree 
efficient. 

The  ideal  disinfectant  has  l)ecn  described  in  great  detail  by 
different  authors.  But  the  ideal  disinfectant  for  every  kind  of 
disinfection  is  |)robably  unattainable  and  its  desirability  (|ues- 
ti'.nable. 

l'"(jrmal(lehy(le,  mercuric  chloride,  siher  nilrale,  i)heiiol.  and 
the  coal-tar  derivatives  each  has  its  sphere  of  usefulness,  and 
each  is  more  or  less  ideal  in  that  sphere.  Where  a  coal-tar  deri- 
\ati\e  is  apijlicable,  ho\ve\er,  there  are  certain  properties  pos- 
sessed by  this  class  of  high  coellicienl  disinfectants  which  \ery 
closely  approach  the  ideal  for  general  flisinfeclion. 

The  average  coal-tar  disinfectant  of  (  Iroup  2  is  used  in  a  solu- 
tifjn  of  one  per  cent,  in  which  dihiiion  it  is  about  as  efficient  as  a 
;i-  to  r)-|»cr-ceiU  solution  of  plienul,     <  )ne  of  the  disin  f(.'ctants  of 
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Group  3,  with  a  phenol  coethcient  of  2U  when  dihited  to  a  1-per- 
cent sohition,  is  four  times  as  etlicieiit  as  a  5-per-cent  solution  of 
carbolic  acid  crystals.  The  accompanying  chart  is  a  graphic 
representation  of  the  comparative  efficiencies  and  toxicities  of 
representatives  of  the  three  groups.  The  "1  \'ol."  square  is 
shown   in    the   lower   right-hand  corner,   while   the    four   larger 
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squares  show  the  volumes  to  which  this  one  volume  of  phenol 
and  of  each  of  the  three  groups  can  be  diluted,  all  of  the  dilu- 
tions having  the  same  germicidal  efficiency — a  phenol  coefficient 
of  0.04. 

The  toxicities  are  shown  graphically  by  the  square  in  the 
upper  left-hand  corners  of  the  four  squares  representing  the 
dilutions.  Phenol,  being  used  as  a  standard,  is  entirely  black, 
while  the  others  are  blackened  in  proportion  to  their  toxicities, 
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expressed  in  i)er  cent  of  that  of  phenol.  The  ratio  of  the  black 
"toxicity"  square  is  a  graphic  representation  of  the  non-toxic 
character  of  these  dilutions  compared  to  that  of  phenol.  For 
example,  Group  3  with  a  toxicity  of  33  per  cent  has  a  black 
square  one-third  as  large  as  that  for  phenol ;  a  comparison  of  the 
two  toxicities  with  their  corresponding  dilutions  shows  that  a 
solution  of  phenol  is  60  times  as  toxic  as  a  member  of  Group  3 
diluted  to  an  equal  efificiency. 

The  coagulative  action  and  the  caustic  and  corrosive  proper- 
ties of  the  three  groups  can  be  only  roughly  measured ;  these 
seem,  however,  to  be  very  closely  associated  with  toxicity.  So  the 
practically  harmless  nature  of  Groups  2  and  3 — particularly  the 
latter — is  evident  from  the  chart. 

Instruments  are  not  corroded,  nor  is  there  any  irritation  to 
the  healthy  skin,  when  immersed  in  such  a  solution.  The  mucous 
membrane,  however,  being  more  sensitive  will  tingle  and  smart 
from  application  of  this  solution  because  of  its  alkaline  and 
])enetrating  character. 

Coal-tar  disinfectants  in  general  are.  like  ])lu-n()l.  unaffected 
by  alkalies.  While  their  values  are  diminished  by  organic  matter 
more  than  is  phenol,  this  is  apparently  a  slower  action  rather 
than  actual  lowered  efficiency,  since  there  is  almost  no  coagula- 
tion of  the  organic  matter.  In  this  case  the  fact  that  the  disin- 
fectant is  in  emulsified  form  explains  its  slow  action,  because 
necessarily  the  minute  globules  of  oil  composing  the  emulsion 
require  a  more  prolonged  period  to  penetrate  moist  organic  mat- 
ter, which  tends  to  retard  penetration. 

Acids  do  not  destroy  but  do  materially  inii)air  the  value  of 
emulsified  disinfectants  in  which  the  vehicle  is  soap.  The  same 
is  true  of  hard  or  salty  water.  It  is  easier,  however,  to  correct 
these  waters  or  replace  them  with  soft  water  with  wliich  to  dilute 
a  disinfectant  than  to  replace  soap  by  any  other  eniuUitk'r  of 
ec|ual  efficiencv.  Soa])  has  several  valuable  proi)erties  in  addition 
to  that  of  being  an  efticient  emulsifier  of  coal-tar  oils.  It  is  cleans- 
ing and  tends  to  dis.solve  the  natural,  protective,  grea.sy  coating 
on  the  skin  and  other  surfaces.  Ii  is  not  devoid  of  germicidal 
action  in  itself. 

As  a  deodorant  a  coal-tar  disiufectaiU  has  an  action  tending 
to  absorl),  remove,  and   replace  bad  odtirs.      Its  real  value,  how- 
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ever,  is  to  destroy  the  putrefactive  bacteria  producing  the  odors — • 
the  only  property  which  makes  a  deodorant  of  real  value. 

An  emulsified  disinfectant  has  been  proved  to  exceed  a  soluble 
disinfectant  even  if  the  same  constituents  and  the  same  propor- 
tion were  present  in  each.  This  is  shown  to  he  due  to  a  concen- 
tration of  the  minute  globules  of  oily  emulsion  around  the  bac- 
teria, the  results  being  equivalent  to  those  from  a  considerably 
stronger  solution  in  which  no  minute  globules  of  oil  are  present, 
but  all  is  in  uniform  solution. 

To  summarize,  a  high  coefficient  disinfectant  of  the  third  group 
is  less  likely  to  be  destroyed  or  inhibited  in  its  action  and  is  more 
generally  applicable  than  the  gaseous  disinfectants,  the  oxidizing 
and  reducing  agents,  or  the  toxic  and  protein-coagulating  agents. 

W  hen  diluted  to  make  a  solution  equivalent  to  a  3-  or  5-per- 
cent solution  of  phenol,  it  is 

Non-toxic, 

Non-corrosive  to  metals, 

Non-coagulative  to  tissues, 

Not  caustic  to  the  skin, 

Not  affected  by  alkalies, 

Not  destroyed  by  acids, 

Not  oxidized  nor  reduced  by  organic  matter. 

An  efficient  germicide, 

At  minimum  cost  per  unit  of  efficiency. 

It  is  not  merely  a  substitute  for  carbolic  acid ;  it  is  a  new  ma- 
terial possessing  not  only  all  the  advantages  of  this  valuable  sub- 
stance, but  many  others  in  addition.  Why  should  the  physician 
or  the  surgeon  continue  to  use  carbolic  acid  ? 
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STUDY  OF  THE  BACTERIOLOGY  OF  THE  POSTERIOR 
NASOPHARYNX  IN  SCARLATINA.- 

BY    X.    S.    FERRY,    M.D..    DETROIT,    MICH. 
(From  the  Research  Laboratory  of  Parke,  Davis  &  Co.,  Detroit,  Mich.) 

Late  in  1009.  at  the  request  of  Dr.  E.  C.  Schultze.  director  of 
the  Good  Samaritan  Dispensary  of  Xew  York,  the  study  of  the 
bacteriology  of  the  posterior  nasopharynx  in  scarlatina  was 
undertaken  by  the  writer.  He  endeavored  to  isolate,  if  possible, 
and  determine  the  role  of  a  certain  micrococcus  found  in  this 
region  and  briefly  described  by  Dr.  Schultze  in  a  preliminary 
report  in  the  Medical  Record,  Xew  York.  Dec.  10.  1910.  This 
organism  was  seen  by  Dr.  Schultze  in  smears  from  459  out  of 
555  cultures  taken  from  the  throats  of  patients  suffering  with 
typical  symptoms  of  the  disease. 

After  the  writer  became  interested  in  the  work,  cultures  were 
obtained,  through  the  kindness  of  Dr.  Schultze.  from  patients  of 
the  Good  Samaritan  Dispensary,  and  through  the  kindness  of  Dr. 
Guy  L.  Kiefer,  of  Detroit,  from  patients  of  the  Herman 
Kiefer  Hospital.  On  account  of  certain  peculiarities  of  the 
organism  in  question,  it  early  became  evident  that  there  were 
difficulties  in  the  way  of  isolating  and  growing  it  in  pure 
culture,  although  the  organism  could  be  seen  in  a  large  ma- 
jority of  cases  in  smears  from  cultures  taken  early  in  the  disease. 
The  greatest  number  of  positive  findings  have  been  obtained  by 
swabbing  the  posterior  pharyngeal  wall  and  allowing  the  swab 
to  stand  in  a  test  tube  of  bouillon  a  few  hours.  The  entire  amount 
of  bouillon  is  then  plated  in  the  usual  manner. 

The  organism  was  not  isolated  in  the  later  stages  of  the  dis- 
ease and  was  not  found  in  any  of  the  purulent  discharges  nor 
in  the  blood,  which  seems  very  significant,  considering  the  fact 
that  it  appears  to  coincide  with  the  contention  of  the  majority 
of  observers  that  the  disease  is  contagious  only  in  its  early 
stages.  All  previous  observations  have  been  corroborated  to  the 
extent  of   finding  a  streptococcus  predominating  on   the  plates, 
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while  the  organism  next  in  order,  with  the  exception  perhaps  of 
the  staphylococcus,  is  the  one  fulfilling  the  description  given  by 
Dr.  Schultze.  For  convenience  in  nomenclature  this  organism 
was  called  by  the  writer  Micrococcus  "S,"  and,  for  the  present, 
it  will  continue  to  be  designated  by  that  term. 

The  Mic.  "S"  is  a  large  coccus  usually  found  in  pairs  and 
often  in  tetrads,  which  grows  luxuriantly  on  all  culture  media 
after  the  first  few  generations.  While  the  writer  believes  it  to 
be  a  distinct  species,  it  is  distinguished  at  times  with  difiiculty, 
morphologically,  from  other  cocci  found  in  the  buccal  cavity, 
both  in  health  and  disease.  There  is  no  doubt  that  this  identical 
organism  has  been  seen  by  other  observers,  yet  a  detailed  de- 
scription of  an  organism  of  a  like  nature  has  not  been  found  in 
the  literature.  Whether  the  Mic.  "S"  has  or  has  not  any  specific 
clinical  or  pathological  significance,  for  the  purpose  of  placing 
it  on  record,  a  detailed  description  of  the  organism  will  be  given, 
followed  by  a  brief  review  of  the  experimental  work  carried  out 
with  it. 

Morphology. — Mic.  "S"  is  a  large,  clearly  defined,  biscuit- 
shaped  diplococcus,  sometimes  appearing  in  tetrads,  measuring 
about  the  size  of  the  meningococcus  and  gonococcus.  It  is  non- 
spore-bearing,  non-motile,  non-capsulated,  stains  deejjly  with  all 
aniline  dyes  and  is  positive  to  Gram.  Cultural  Reactions — Agar 
slant:  ;\l)undant.  vniooih,  grayish-white,  glistening,  ()pa(|Ui.',  tili- 
form  or  slightly  beaded  raised  growth,  becoming  somewhat  viscid 
within  a  few  days.  Agar  deep :  Abundant,  filiform  growth,  usu- 
ally in  one  plane,  with  a  slightly  spreading  surface  growth.  Agar 
colony:  Slow  growing,  round,  smooth,  convex,  entire,  coarsely 
granular  colony.  Rouillon  :  Slight  growth,  clear  with  sediment. 
Potato:  \'ery  slight,  colorless  gr(jwth.  I.itnnis  milk:  No  change. 
Koch's  serum:  Slight,  tiliforni,  wliitr  giowth.  Locfllrr's  scrum- 
Abundant,  liliforni,  snioolli,  glistening,  pinkish-white  growtii. 
Gelatin  stab:  (iradual  stratiform  liquefaction.  In  ahout  live  days 
a  cup  f<jrms  at  the  surface  and  ;is  lic|uefaition  increases  it 
reaches  the  sides  of  tlie  tul)e  and  then  ])roceeds  downwards.  .\t 
the  end  of  six  weeks  the  niedimn  is  ]i(|ui'lied  about  half-wav 
down.  Indol  negative.  I.ilnnis  sugars:  ( llucose,  maltose,  and 
saccharose  gave  an  acid  reaction  ;  galactose,  levulose  and  lactose, 
no  change.    Pathogenic  powers :  While  extensive  inoculation  ex- 
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periments  were  carried  out  with  this  organism,  nothing  of  any 
special  specific  significance  could  ])e  gleaned  from  the  work. 
Whether  the  organism  soon  loses  its  virulence  on  artificial  culture 
media,  or  whether  it  is  devoid  of  all  pathogenic  properties  for 
the  animals  used,  are  questions  which  were  undecided. 

The  following  experiments  were  undertaken:  (1)  Four 
monkeys  were  inoculated  subcutaneously  with  as  many  strains 
of  Mic.  "S."  (2)  Throats  of  four  monkeys  were  smeared  with 
Mic.  "S."  (3)  Throats  of  three  monkeys  were  swabbed  with 
Mic.  "S."  (4)  Control.  Two  monkeys  were  inoculated  (Nos. 
1  and  2)  with  streptococci  taken  from  scarlatina  throats.  (5) 
Four  monkeys  were  inoculated  with  Alic.  "S"  grown  in  monkev 
blood  culture,  (fi)  Mic.  "S"  was  inoculated  into  mucous  mem- 
brane of  pharynx  and  also  into  glands  of  neck.  These  monkeys 
were  previousl}'  given  morphine  subcutaneotisly,  as  a  means  of 
lowering  their  resistance. 

In  all  of  the  experiments,  with  the  exception  of  a  slight  rise 
of  temperature  on  the  fifth  day,  followed  by  a  swelling  of  the 
nearest  lymph  glands,  accompanied  by  a  general  indisposition, 
there  were  no  symptoms  indicative  of  an  infection,  and  no  signs 
or  symptoms  whatever  simulating  or  approaching  those  of  scar- 
latina as  it  is  recognized  clinically  to-day.  Believing/ neverthe- 
less, that  this  organism  was  found  in  a  large  enough  proportion 
of  cases  to  warrant  further  work,  irrespective  of  the  apparently 
negative  pathogenicity,  several  vaccines  were  prepared  with  it 
which  have  been  fairly  tested  out,  both  prophylactically  and  thera- 
peutically under  the  supervision  of  Dr.  Schultze  in  New  York 
and  Dr.  Kiefer  in  Detroit,  which  work  will  be  reported  in  later 
communications  by  them. 

The  finding  of  a  diplococcus  in  such  a  large  proportion  of  cases 
of  scarlatina  is  suggestive  of  the  work  of  Class,  who,  a  few  years 
ago,  believed  that  he  had  discovered  the  cause  of  the  disease. 
Class,  in  his  original  article,*  described  his  organism  as  a  "diplo- 
coccus, polymorphous  in  character,  but  resembling,  as  ordinarily 
seen  on  slides  made  from  fresh  cultures  grown  on  any  medium, 
a  very  large  gonococcus."  Other  observers  have,  from  time  to 
time,  noted  the  presence  of  a  large  diplococcus  in  cultures  and 
smears  from  the  throats  of  scarlatina  cases,  and  yet  no  one  has 
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succeeded  in  proving  that  it  has  any  part  to  play  in  the  disease. 
and,  therefore,  very  Httle  stress  has  been  laid  on  the  findings. 
The  organism  described  by  these  writers  is  so  varied  in  its 
morphology  and  cultural  characteristics  that  one  is  inclined  to 
one  of  two  suppositions :  either  it  is  extremely  polymorphous, 
as  was  claimed  by  Class,  or  else  they  were  dealing  with  cultures 
containing  streptococci,  which  organism  may  often  be  seen,  in 
smears  from  the  throat  directly  or  from  cultures,  as  large  diplo- 
cocci. 

It  is  very  evident,  from  the  work  of  Class  at  any  rate,  that 
he  did  not  always  take  the  utmost  pains  to  assure  himself  of 
pure  cultures.  He  says :  "I  wish  to  state  that  the  cultures  used 
in  these  animal  experiments  were  not  isolated  by  means  of  'Flat- 
ten giessen."  but  I  am  quite  certain  that  they  were  not  contami- 
nated by  other  germs  as  repeated  careful  examinations  showed. 
The  reason  why  I  did  not  isolate  the  germs  by  means  of  the  pro- 
cess mentioned  was  on  account  of  the  fact  that  their  vitality  is 
easily  destroyed  by  heating,  the  cultures  obtained  by  isolating 
the  germs  by  means  of  the  plate  method  growing  very  poorly." 

From  the  experience  of  the  writer  with  the  organism  he  has 
isolated  and  named  Mic.  "S,"  which  tallies  with  the  general  de- 
scriptions given  by  Schultze,  Class,  and  others,  as  seen  in  smears, 
it  is  quite  essential  not  only  to  plate  the  cultures  but  to  be  abso- 
lutely certain  that  the  colonies  from  which  the  cultures  are  taken 
have  no  small  colonies  of  streptococci,  either  deep  or  superficial, 
adjacent  to  or  near  them.  This  can  be  ascertained  only  by  exam- 
ining the  field  with  a  lens.  The  writer  employed  for  this  work 
a  Zeiss  binocular  dissecting  microscope.  This  precaution  was 
deemed  necessary,  as  it  was  found  that  there  appeared  to  he 
some  sort  of  a  symbiotic  relationship  between  this  organism  and 
the  streptococcus,  as  was  evidenced  b\  the  fact  that  whenever 
this  organism  appeared  associated  with  the  strei)t(K(»ocus  indi- 
vidual organisms  were  invariably  seen  surrounded  by  numerous 
streptococci  hanging  close  to  it. 

In  attempting  to  isolate  the  organism  by  the  ])late  method. 
these  stre])tococci  are  seen  to  have  a  tendency  to  remain  i;i  tiiis 
relationshi]).  and  individual  colonies  of  the  Mic.  "S"  are  seen 
surrounded  in  extremely  close  proxiiuity  by  minute  colonies  of 
streptococci,  some  so  small  as  not  to  be  recognized  by   the  un- 


aided  eye.  With  this  experience  at  hand,  and  considering  the 
viscid  character  of  the  growth,  the  writer  can  very  readily 
imagine  how  the  streptococci,  unless  great  care  was  taken  to 
avoid  them,  could  and  probably  would  be  carried  along  with 
cultures  of  the  micrococcus.  The  streptococci  then  would  be 
overshadowed  by  the  heavy  growth  of  the  organism  in  question, 
which  might  cause  it  to  assume  a  polymorphous  as  well  as  a 
pathogenic  character. 

In  pure  culture,  taken  very  carefully  from  single  colonies 
some  distance  from  colonies  of  streptococci,  the  writer  has  found 
the  organism  isolated  by  him  to  be  extremely  constant  morpho- 
logically and  culturally,  appearing  only  as  a  large  diplococcus. 
While  Class  may  have  had  in  mind  this  same  organism,  especially 
as  seen  by  him  in  smears  taken  from  throat  cultures,  the  descrip- 
tion of  the  strains  isolated  by  the  writer  and  identified  by  their 
morphology  by  Schultze,  do  not  correspond  with  those  given  by 
Class,  irrespective  of  the  streptococcic  forms  mentioned  by  him 
which  the  writer  has  never  seen  with  the  Mic.  "S."  According 
to  Class,  his  organism  decolorized  by  Gram's  stain,  while  the 
Mic.  "S"  retains  the  stain.  While  Class  found  that  his  organism 
grew  sparingly  on  many  of  the  ordinary  culture  media,  necessi- 
tating the  use  of  a  special  garden  earth  media  of  his  own,  and 
not  at  all  on  gelatin,  the  Mic.  "S"  grows  fairly  luxuriantly  on 
all  ordinary  media,  including  gelatin,  in  which  it  gives  a  typical 
liquefaction.  Inasmuch  as  it  is  not  a  certainty  that  Class'  cul- 
tures were  pure  in  his  animal  experiments,  it  is  impossible  to 
compare  results  along  that  line. 

Among  the  several  known  organisms  found  in  the  throat, 
from  which  the  Mic.  ''S"  should  be  differentiated,  the  following 
are  the  most  important :  Micrococcus  catarrhalis,  Micrococcus 
tetragenus,  Micrococcus  pharyngis  siccus,  Diplococcus  intracellu- 
laris  meningitidis.  Inasmuch  as  the  Micrococcus  "S"  is  Gram 
positive  and  at  the  same  time  liquefies  gelatin,  it  will  be  seen  that 
these  two  reactions  are  all  that  are  necessary  to  dift'erentiate  it 
from  any  of  the  organisms  mentioned,  including  the  organism  of 
Class. 

The  Micrococcus  catarrhalis  is  Gram  negative  and  does  not 
liquefy  gelatin,  and  as  a  rule  is  a  much  smaller  organism.  The 
Micrococcus   tetragenus  does  not  liquefy  gelatin  and  is  usually 
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found  in  tetrads.  The  Micrococcus  pharyngis  siccus  is  Gram 
negative  and  gives  also  a  dry  growth.  The  Diplococcus  intra- 
cellularis  meningitidis  is  both  Gram  negative  and  non-Hquefying, 
and  also  gives  a  scanty  growth  on  all  media.  The  Diplococcus 
scarlatina:  of  Class  is  Gram  negative,  does  not  liquefy  gelatin  and 
grows  very  sparingly  on  all  ordinary  media. 
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SOME  EXPERIENCES  WITH  BACTERIAL 
VACCINES  IN  SCARLATINA. 

I5V   GUV   L.    KIKFHR.    .M.D.,   D.l'.H.,   AND   N.    S.   FERR^'^    iM.D., 
DICTROIT,    MICHIGAN. 

(  I" roiii   the  Research  Laboratory  of  Parke,   Davis  S:  Co.,   Detroit,  Mich.) 

The  haclerial  \accines  employed  in  this  work,  wliich  was 
carried  on  at  the  Herman  Kiefer  Hospital,  Detroit,  were  as  fol- 
lows :  A  vaccine  composed  of  streptococci  isolated  from  the 
rasopharynx  of  individuals  suffering  with  typical  symptoms  of 
scarlatina ;  a  vaccine  composed  of  an  organism  isolated  from  the 
same  situation,  called  for  the  present  Micrococcus  "S,"  and  de- 
scrihed  by  one  of  us ;  and  a  vaccine  composed  of  a  mixture  of 
the  two.  These  vaccines  which  were  polyvalent,  being  composed 
of  several  strains  of  each  organism,  contained  400  million  organ- 
isms per  c.c.  each.  Two  lines  of  treatment  were  unclertaken : 
prophylactic  and  curative,  the  nurses  receiving  the  prophylactic 
treatment  and  the  patients  the  curative.  For  curative  purposes 
the  three  vaccines  were  used  as  described,  while,  for  prophylactic 
purposes,  the  Mic.   "S"  vaccine  alone  was  tested. 

Curaiive  tests.  In  order  to  avoid  any  chance  of  a  personal 
factor  entering  into  the  work,  the  streptococcus  vaccine  was  ad- 
ministered to  the  girls,  the  Mic.  "S"  vaccine  to  the  boys,  and  the 
combined  to  the  adults.  The  vaccines  were  given  a  very  fair 
trial,  extending  over  a  period  of  seven  months,  during  which 
time  one  hundred  and  six  patients  received  treatment.  The 
patients  treated  were  proportioned  as  follows :  Those  receiving 
the  streptococcus  vaccine,  twenty-nine ;  the  Mic.  "S"  vaccine, 
forty-four;  and  the  combined  vaccine,  thirty-three.  The  vaccines 
were  given  every  two  or  three  days,  starting  with  one-half 
a  cubic  centimeter  and  increasing  the  dose  as  the  symptoms  war- 
ranted;  and  the  treatment,  as  a  rule,  was  continued  until  the 
termination  of  the  case.  No  set  rules  for  the  course  of  treatment 
were  adhered  to;  this  was  left  entirely  to  the  judgment  of  the 
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physician  in  charge.     The  results  of  the  treatment  will  be  seen 
in   the   following  tabulated   reports  made   out    from   the   history 
charts : 

Treated  with  Mic.  "S"  Vaccine. 
Xumbcr  of  cases,  44. 

I'ncomplicated,  34  (77.25  per  cent.). 

Complicated.  10   (22.72  per  cent.). 

Adenitis,  3. 

Adenitis  and  otitis  media,  3. 

Purpura  liemorrlia.trica,  1. 

Adenitis,  otitis  and  purpura,   1. 
Total. 

.\denitis,  10  (22  per  cent.). 

Otitis,  4  (9  per  cent.). 

Purpura,  2  (4.5  per  cent.). 

Deaths,  2  (4.5  per  cent.) 

Treated  with  streptococcus  vaccine. 
Number  of  cases,  29. 

Uncomplicated,  25  (86.2  jjcr  cent.). 
Complicated,  4  (13.8  per  cent.). 
Otitis  and  adenitis,  2. 
.  Otitis,  2. 
Total. 

Adenitis,  2  (6.8  per  cent.). 
Otitis,  4  (12.7  per  cent.). 

Treated  with  combined  vaccine. 
Number  of  cases,  33. 

Uncomplicated,  28  (84.8  jier  cent.). 

Complicatcfl,  5  (15.15  per  cent.). 

Adenitis,  1. 

Otitis,  1. 

Otitis  and  adeuiiis,  3. 
Total. 

Adenitis,  4  (12  per  cent.). 

Otitis,  4  (12  per  cent.). 

Cases  treated  the  preceding  year  at  tlic  bosjiital.  without  vaciiurs. 
Number  of  cases,  318. 

Uncomplicated,  255  (80.19  per  cent.). 
Complicated,  63  (  19.81  per  cent.). 
Otitis  media,  21    (6.6  per  cent.). 
.\denitis,  26  (8.1  i)er  cent.). 
Nephritis,  10  (3.1  per  cont.). 
Pneumonia,  3. 
Ma.stoid,  2. 
Arthritis.  1. 
Deaths,  14. 


Comparison  (jf  the  cases  treated   witli   the   \aceine  with  cases 
treated  according  to  the  usual  e.\peelaiil  methods. 
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Untreateti,        Mic.  "S"   Streptococcus  Combined 
Cases  .US,  44,  29.  33, 

per  Cent.         per  Cent.         jier  Cent.        per  Cent. 

Uncomplicated   80.19  77.25  86.2  84.84 

Complicated   19.81  22.72  13.8  15.15 

Adenitis   8.1  22  6.8  12 

Otitis  media 6.6  9  13.7  12 

Deaths    4.4  4.45  0  0 

From  the  above  resume  it  would  appear  that  the  vaccines 
which  contained  the  streptococci  had  an  advantage  over  the  ones 
containing  the  M'lc.  "S"  alone,  as  well  as  over  the  usual  expect- 
ant treatment  which  was  previously  carried  on  in  the  institution. 
This  is  what  might  have  been  expected  in  view  of  our  present 
knowledge  of  the  disease  and  experience  with  other  diseases. 
Irrespective  of  the  primary  cause  of  the  disease,  it  is  practically 
conceded  by  all  authorities  that  the  streptococcus  is  a  large  factor 
in  the  cause  of  the  complications,  sequelae  and  fatalities,  and, 
therefore,  if  a  vaccine  has  any  specific  action,  the  most  favorable 
results  would  be  expected  with  one  containing  this  streptococcus. 

Whether  the  Mic.  "S"  bears  any  relation  to  the  disease,  it 
would  appear  from  the  study  of  these  few  cases  that,  as  a  cura- 
tive agent,  a  vaccine  composed  of  this  organism,  alone,  would  not 
be  indicated.  This  is  also  partly  borne  out  by  the  fact,  as  pointed 
out  by  one  of  us  in  another  paper,  that  the  Mic.  "S"  is  more 
easily  isolated  and  is  found  in  larger  numbers  in  the  early  stages 
of  the  disease,  and  has  not  been  isolated  from  any  of  the  dis- 
charges. 

Prophylactic  tests.  For  prophylactic  purposes  the  Mic.  "S" 
vaccine  was  given  in  three  doses  of  increasing  strength  with  three 
to  five  day  intervals  between  doses.  The  doses  contained  two 
hundred,  four  hundred,  and  eight  hundred  million  bacteria  re- 
spectively. Up  to  the  time  of  starting  this  work  six  nurses  out 
of  about  one  hundred  had  contracted  the  disease.  However,  since 
the  introduction  of  this  vaccine  as  a  prophylactic  measure  among 
all  nurses  who  had  not  already  had  the  disease,  not  a  case  has 
been  reported.  It  is  interesting  and  rather  significant,  also,  that 
during  a  period  of  three  months  when  the  prophylactic  treatments 
were  discontinued,  four  out  of  about  twenty  nurses  became  in- 
fected. The  apparently  favorable  results  following  the  prophy- 
lactic injections  may  be  a  coincidence,  but  whether  they  are  or 
not,  the  treatment  is  being  continued  and  will  probably  be  tried 
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in  other  institutions  in  order  to  test  further  and  more  concKis- 
ively  the  value  of  the  vaccine. 

ConcUisiou.  It  would  seem  from  the  results  of  the  prophy- 
lactic tests  with  the  Mlc.  "S."  together  with  the  frequcnc\-  with 
which  this  organism  has  been  found  in  cultures  from  the  naso- 
pharynx in  scarlatina,  that  one  would  he  warranted  in  giving 
more  serious  thought  to  it  whether  it  has  or  has  not  up  to  the 
present  given  any  evidence  of  possessing  pathogenic  properties  of 
a  specific  nature. 
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A  SERO-ENZYME  TEST  FOR  SYPHILIS.* 
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(From  the  Research   r,alK>ratory,  Parke,  Davis  &  Company,  Detroit,   Michigan.) 

The  discovery  of  certain  substances  in  the  gastro-intestinal 
canal,  capable  of  changing  the  physical  condition  as  well  as 
chemical  constitution  of  the  food,  directed  attention  to  the  pro- 
cesses of  digestion.  It  soon  became  clear  that  the  various  fer- 
ments given  off  by  the  digestive  glands  were  able  to  split  the 
complex  food  molecules  into  less  complex  ones  with  the  absorp- 
tion of  water.  Since  many  of  these  combinations  are  of  a  col- 
loidal nature,  and,  therefore,  unable  to  pass  the  animal  mem- 
branes, it  is  supposed  that  these  substances  are  split  up  into  still 
simpler  components  until  their  physical  and  chemical  character- 
istics make  them  dialyzable  to  these  membranes.  Exact  study 
of  the  processes  of  digestion  as  going  on  in  the  gastro-intestinal 
tract,  brought  out  the  fact  that  the  highly  complex  molecules  are 
broken  down  in  the  process  of  digestion  into  their  component 
parts.  Thus  we  find  in  the  intestine  components  which  result 
when  polysaccharids,  fats,  albumens,  and  nucleoproteids  are 
broken  down  with  the  absorption  of  water.  This  breaking  down 
of  the  food  is  carried  on  until  the  chemical  compounds  have  been 
stripped  of  all  specific  characteristics,  so  that  a  neutral  grouping 
of  the  atoms  results. 

This  process  of  splitting  the  complex  chemical  structures 
making  up  our  food  through  the  enzymes  of  the  gastro-intestinal 
tract  into  their  component  parts  can  be  observed  in  vitro  by  sub- 
jecting meat  to  the  action  of  the  enzymes  of  the  stomach,  pan- 
creas and  intestines.  Digestion  thus  destroys  the  specific  struc- 
ture of  the  ingested  food.  Our  food  consists  largely  of  cells, 
be  they  of  animal  or  plant  origin,  which  are  adapted  to  highly 
specialized  functions.  With  the  function  of  a  cell  vary  the  pro- 
portion and  chemical  nature  of  its  cell  constituents.  Our  organ- 
ism is  not  able  to  make  use  of  such  cells  until  the\-  have  been 
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broken  up  into  simpler  compounds  which,  in  turn,  serve  as  start- 
ing points  for  various  metabolic  functions  and  for  the  generation 
of  energy.  The  cells  use  these  native  molecules  to  form  more 
complex  bodies  or  break  them  down  to  liberate  energy  as  it  is 
needed. 

Recent  investigation  concerning  the  constituents  which  make 
up  the  cell  and  its  metabolic  function  demonstrates  a  far-reaching 
independence  from  external  surroundings.  The  cells  on  the 
other  side  of  the  gastro-intestinal  tract  are,  so  to  speak,  ignorant 
of  the  nature  of  the  food  from  which  the  native  molecules  were 
derived  which  enter  into  their  building  up  and  functional  activity. 
Finally  the  cells  of  the  liver  take  care  of  any  substances  which 
have  entered  the  blood  and  are  not  yet  suited  to  it.  As  a  result 
of  this,  a  nutritive  substance  varying  within  narrow  limits,  as  to 
its  composition,  is  constantly  coming  into  contact  with  the  cells 
of  the  body  which  need  not  be  adapted  to  the  varying  conditions 
imposed  by  the  \arieties  of  food  taken.  The  fairly  constant 
composition  of  the  blood  furnishes  them  the  same  material  from 
which  to  build  the  highly  specialized  protoplasm.  The  cells  of 
the  body  discharge  into  the  blood  end  products  of  their  mcta- 
l)olism  resulting  from  the  liberation  of  energy  and  the  constant 
building  up  and  breaking  down  of  the  protoplasm.  At  first  sight 
this  would  seem  to  change  the  fairly  constant  condition  of  the 
blood  were  it  not  for  the  fact  that  these  products  of  normal 
metabolism  occur  in  a  simple  form  no  matter  by  what  process 
the  reduction  has  taken  place. 

From  the  f<jregoing  it  is  ])Ossible  thai  uiKk-r  ])ath()l()gical  con- 
ditions, certain  cells  will  bi'  disturbed  in  their  metabolic  activity 
so  that  substances  are  given  off  into  the  blood  which  still  bear 
the  characteristics  of  the  cell  from  which  they  came.  This  may 
follow  disturbances  due  to  decreased  cell  acti\ity  or  to  the  pos- 
sible lack  of  ferments,  or  to  the  too  rapid  breaking  down  of  the 
cell  i)rotoplasm.  I'inally.  a  type  of  ctll  may  become  so  altered 
as  to  become  entirely  foreign  to  the  organism  and  with  entirely 
different  metal)olic  functions. 

l-'xperiments  carried  out  with  normal  sera  demonstrated  that 
they  jjossessed  no  ferments  ca|)able  of  splitting  cane  sugar,  pe{)- 
tones,  or  proteins.  l\',  howexer,  these  substances  w^re  intro- 
duced parenteral])-  it   was   foimd   that   tlu'\'  were  changed,     'i'his 


l.T) 
can  be  shown  if  the  scrum  of  an  animal  which  lias  received  albu- 
men parenterally  is  brought  into  contact  with  the  coagulated 
albumen  in  a  dialyzing  sac  suspended  in  distilled  water,  for  then 
the  distilled  water  will,  after  a  period  of  dialyzing,  contain  pep- 
tones which  have  been  formed  from  the  albumen.  The  organ- 
ism is,  therefore,  equipped  with  the  power  of  producing  protec- 
tive enzymes  which  are  capable  of  depriving  substances  foreign 
to  the  blood  of  their  specific  characteristics  and  changing  them 
into  indifferent  or  native  substances.  The  function  of  these 
enzymes  in  the  blood  is  in  this  respect  similar  to  the  digestive 
ferments  in  the  gastro-intestinal  tract,  in  that  they  split  the  spe- 
cific substances  which  make  up  our  food  into  simple  or  native 
protein  molecules  capable  of  assimilation. 

The  discovery  of  chorionic  epithelium  in  the  blood  during 
pregnancy  by  Schmorl  and  Veit  induced  Abderhalden  to  study 
the  action  of  such  blood  serum  on  proteins.  As  a  result  of  these 
studies  (1)  Abderhalden  developed  the  method  for  the  diagnosis 
of  pregnancy,  using  placental  tissue  for  the  reaction.  Freund 
and  Abderhalden  (2)  extended  the  application  of  this  method  to 
the  diagnosis  of  neoplasms.  More  recently  this  method  was  ap- 
plied to  the  diagnosis  of  tuberculosis  by  J.  Jessen  (3),  while 
Bundschuh  and  Roemer  (4)  as  well  as  J.  Fischer  (5)  made  use 
of  it  in  psychiatry.  The  scope  of  this  preliminary  communica- 
tion does  not  permit  the  citing  of  the  already  extensive  literature, 
which  demonstrates  the  applicability  of  this  method  to  many 
pathological  conditions. 

In  view  of  these  facts  it  seemed  advisable  to  determine 
whether  the  serum  of  syphilitic  patients  contained  such  enzymes 
as  are  directed  toward  the  spirochaeta  pallida  or  the  cell  degen- 
erations caused  by  its  presence  in  the  body.  If  one  considers 
the  course  of  syphilis  in  its  various  forms,  which  again  may 
differ  markedly  in  themselves,  one  must  realize  that  aside  from 
the  virulence  of  the  infecting  agent  there  must  be  present  in  the 
organism  conditions  which  possibly  are  the  cause  of  these  various 
manifestations  of  the  disease. 

The  tissue  made  use  of  in  these  experiments  is  the  glistening, 
pearly  white  gummata  resulting  from  the  inoculation  of  rabbits 
with  syphilitic  tissue  or  blood  of  patients  affected  with  syphilis. 
These  resulting  lesions,  as  has  been  pointed  out  in  a  previous 


paper  (6).  are  not  gummata  in  the  strict  sense  of  the  term  but 
mucoid  degeneration  of  the  tissue.  These  lesions  contain  the 
spirochceta  pallida  in  very  large  numbers,  and  practically  all  the 
original  tissue  has  undergone  degeneration.  In  addition,  these 
lesions  are  almost  free  from  blood  and  so  exclude  a  possible 
factor  of  error  in  the  test.  By  carefully  trimming  away  any 
apparently  sound  tissue,  the  gummata  are  cut  into  small  pieces 
about  -i  c.mm.  in  size,  and  boiled  for  10  minutes.  The  water  is 
changed  and  the  tissue  boiled  again  for  5  minutes.  This  process 
is  repeated  until  the  water  in  which  the  tissue  has  been  boiled 
no  longer  gives  the  color  reaction  wtih  triketohydrindenhydrat. 
Then  it  may  either  be  placed  in  a  sterile  bottle  with  the  water  in 
which  it  was  boiled  last,  and  to  which  a  small  amount  of  chloro- 
form and  toluol  has  been  added,  or  the  tissue  may  be  dried  in 
vacuo  over  sulphuric  acid  and  ground  to  a  fine  powder,  which  is 
kept  in  an  amber-colored  glass  bottle.  By  dipi)ing  the  stopper 
of  the  bottle  into  toluol  the  ground-u])  tissue  will  be  under  a 
toluol  vapor. 

From  analogy  with  other  tests  this  reaction  can  also  be  car- 
ried out  with  tissue  of  syphilitic  patients  such  as  gummata,  con- 
dylomata, and  the  organs  of  congenital  syphilitic  foetuses,  pro- 
vided these  tissues  can  be  prepared  in  such  a  way  that  they  are 
free   from  blood. 

Before  undertaking  the  reaction,  it  is  well  to  test  the  dialyzing 
thiml)k-s.  This  is  done  with  two  tests.  The  tirst  preliminary 
test  serves  to  determine  whether  the  dialyzing  tliiml)lcs  will  pre- 
vent the  passage  of  the  serum  albumens.  I'.ctorc  carr\ing  out 
these  tests  the  thimbles  are  soaked  thoroughly  in  running  water, 
rinsed  with  distilled  water.  The  distilled  water  into  which  the 
thimbles  finally  come  is  brought  to  a  l)()il.  This  is  repeated. 
The  dialyzing  thimbles  are  then  allowed  to  cool  in  the  water  in 
which  they  were  heated  last.  When  surticiently  cool  sonu'  clilnro- 
form  and  toluol  is  added.  The  thimbles  arc  now  tc-^tcd  with 
fresh  unhemolyzed  serum  to  determine  whelher  they  allow  serum 
albumen  to  ])ass.  'I'he  method  of  carrying  out  these  preliminary 
tests  is  similar  to  the  regular  test,  with  this  difference,  that  in 
this  test  1  c.cm.  of  serum  only  is  ])laced  in  each  thimble.  Those 
thimbles  which  allow  the  passage  of  protein  should  be  disiarded. 
it    is   very    important    that    •sterile,    fre^li    unhemolyze<l    serum    be 


used,  else  tlie  dialysate  will  give  the  color  reaction  with  sound 
thimbles. 

After  the  dialyzing  shells  have  been  cleaned  as  described 
above,  the  second  preliminary  test  is  carried  out  with  a  ().o  per 
cent.  aqu.  sol.  of  Seiden  peptone  to  determine  whether  the  thim- 
bles allow  the  passage  of  amino-acids  during  the  process.  Shells 
fulfilling  these  preliminary  conditions  may  be  used  for  the  tests 
for  quite  a  period,  when  they  should  be  tested  again  for  any  pos- 
sible flaw. 

The  test  is  carried  out  as  follows :  8  c.cm.  of  sterilized  filtered 
w^ater  are  placed  into  the  glass  tubes  and  about  6  drops  of  toluol 
are  added.  Each  single  test  requires  3  glass  tubes  and  as  many 
shells.  The  serum,  which  must  not  be  more  than  18  hours  old, 
should  be  clear  and  free  from  any  traces  of  hemolysis ;  from  0.8-1 
c.cm.  of  serum  is  required.  To  reduce  the  sources  of  error,  we 
again  boil  the  tissue  for  5  minutes  before  making  the  test,  and 
test  the  water  in  which  the  tissue  was  boiled  for  the  presence  of 
amino-acids  with  triketohydrindenhydrat.  The  dialyzing  shells 
are  picked  up  with  hemostats;  a  piece  of  the  tissue  is  placed  in 
the  bottom  of  the  first  shell  with  clean  forceps.  To  this  is 
added  by  the  use  of  a  small,  clean  funnel  half  of  the  clear  serum 
and  lastly  a  few  drops  of  toluol.  The  outside  of  the  shell  is 
carefully  rinsed  with  distilled  water  and  is  then  placed  in  the 
glass  containing  the  water  and  toluol.  The  glass  container  is 
closed  with  a  stopper  to  prevent  evaporation.  The  second  dialyz- 
ing shell  receives  the  same  amount  of  serum  and  toluol  but  no 
tissue,  and  is  otherwise  treated  as  the  first;  the  third  shell 
receives  tissue  plus  an  equal  amount  of  sterile  distilled  water 
and  toluol,  but  no  serum.  If  more  than  one  serum  is  to  be 
tested,  one  control  of  tissue  will  do  for  all.  The  tubes  are 
placed  in  the  incubator  for  12-16  hours.  By  carrying  out  this 
portion  of  the  test  late  in  the  afternoon,  the  testing  of  the  dialy- 
sate may  be  done  the  following  morning. 

After  removing  the  dialyzing  shell,  5  c.cm.  of  the  dialysate  are 
placed  into  a  clean  test  tube  and  0.2  c.cm.  of  1  per  cent.  aqu.  sol. 
of  triketohydrindenhydrat  is  added,  and  the  whole  is  allowed  to 
boil  actively  for  one  minute. 

The  dialysate  of  the  second  tube  containing  serum  only  will 
frequently  give  a  color  reaction.     This  is  due  to  the  presence  of 


amino-acids  in  the  serum.  The  interpretation  of  the  test  depends 
on  the  ditterence  in  the  depth  of  color.  The  test  is  positive  if 
the  dialysate  from  tube  one  gives  a  darker  color  reaction  than 
that  of  the  serum  control  tube.  The  dialysate  of  the  third  tube 
should  not  give  any  color  reaction  whatever.  If  the  color  reac- 
tions of  the  first  and  second  dialysate  are  of  the  same  intensity 
or  if  the  dialysate  of  the  second  tube  gives  a  darker  violet  color 
than  that  of  the  first,  the  diagnosis  is  negative.  The  entire  pro- 
cedure demands  careful,  clean  technique,  which,  however,  is  not 
difficult  to  master. 

Frequently, normal  serum  contains  dialyzal)le  sul)stances  which 
will  give  the  reaction  when  no  tissue  is  added.  It  is  evident 
from  this  that  not  only  must  such  reactions  be  considered  posi- 
tive which  give  a  dark  violet  color,  but  one  must  compare  the 
reaction  in  the  two  tubes  for  differences  in  depth  of  color. 

A  i)ositive  reaction  shows  that  the  serum  examined  contains 
substances  wdiich  have  influenced  the  added  protein  so  it  has 
become  dialyzable — that  is,  the  serum  contains  proteolytic  fer- 
ments. The  formation  of  these  proteolytic  ferments,  which  are 
considered  specific,  presupposes  the  presence  of  protein  not 
found  in  the  serum  under  normal  conditions.  Thus  a  positive 
reaction  proves :  ] .  The  entrance  into  the  blood  of  substances 
foreign  to  it.  'L  The  formation  of  a  specific  proteolytic  ferment 
by  the  serum.  The  reaction  disappears  (1)  in  case  of  clinical 
cure,  or  when  the  entrance  of  foreign  proteins  into  the  blood 
stream  ceases,  or  (2)  when  the  organism  has  lost  the  power  to 
produce  the  specific  ferments  in  cases  wlicrc  tiic  disease  is  still 
acti\e. 

ilif  entire  number  of  ')')  sera  includes  40  cases  of  syphilis. 
VAghi  sera  came  from  patients  in  the  primary  stage  of  the  dis- 
ease, eighteen  in  the  secondary  stage,  seven  from  tertiary  syph- 
ilis, five  from  tabetics,  seven  from  general  paretics,  and  one 
from  a  case  of  congenital  lues.  The  remaining  nine  sera  include 
four  from  normal  individuals,  tlirer  from  cases  of  chancroid, 
and  two  from  siarlel  fe\cr  patients. 

The  sera  included  in  this  coninnuiicaticju  were  controlli-d  by 
the  clinical  findings  as  well  as  by  repeated  W'assermaini  reactions. 
I-'or  the  purpo>t'  of  checking  this  work,  sample^  ol'  sera  of  about 
half  the  series  wiiicli  were  studied  during  this  in\  e^tigation  were 
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submitted  to  Dr.  H.  R.  X'arney,  who  kindly  carried  out  the 
W'assermann  reaction  on  the  same.  This  was  done  before  any- 
one was  made  acquainted  with  this  test  in  order  that  independent 
control  observation  and  unbiased  opinions  regarding  the  enzyme 
test  might  be  recorded.  I  take  pleasure  in  expressing  my  thanks 
to  Dr.  Varney  for  the  assistance  he  has  given  me  in  connection 
with  this  w^ork. 

In  addition  to  the  three  cases  of  chancroid,  /.  <?.,  20,  25  and 
46,  the  sera  of  four  normal  individuals  and  two  scarlet  fever 
patients  were  tested.  The  three  cases  of  chancroid  gave  a  nega- 
tive sero-enzyme  reaction  and  were  also  negative  with  the  Was- 
sermann  reaction,  likewise  the  sera  of  the  normal  individuals. 
The  serum  of  scarlet  fever,  case  49,  was  positive  with  the  ox 
heart  antigen  and  negative  with  the  foetal  liver  and  rabbit 
gumma  antigen,  while  the  serum  of  scarlet  fever  case  50  gave  a 
positive  Wassermann  (single  +)  reaction  with  the  three  above 
named  antigens.  Both  sera  were  negative  with  the  sero-enzyme 
test.  Aside  from  these  two  cases,  the  results  of  the  Wasser- 
mann reaction  correspond  with  the  findings  of  the  sero-enzyme 
reaction  in  the  seven  remaining  sera.  The  cerebrospinal  fluid 
obtained  from  nine  cases  of  tabes  and  general  paresis  gave  a 
positive  Wassermann  reaction,  while  the  sero-enzyme  test  was 
uniformly  negative,  demonstrating  the  absence  of  the  enzyme  in 
the  cerebrospinal  fluid.  This  divergence  also  shows  that  the 
factors  entering  into  the  Wassermann  reaction  are  distinct  from 
these  bringing  about  the  sero-enzyme  test.  The  lack  of  these 
enzymes  in  the  cerebrospinal  fluid  may  be  due  to  the  relatively 
small  number  of  white  blood  cells  present  in  this  fluid  since  the 
production  of  these  enzymes  may  depend  on  these  cells,  for  the 
sera  from  patients  in  this  stage  of  the  disease  gave  a  uniformly 
positive  sero-enzyme  reaction.  Case  14,  presenting  himself  at 
the  clinic  with  a  recently  acquired  gonorrhea  and  giving  a  history 
of  specific  infection  followed  by  prompt  treatment,  was  free  from 
any  clinical  signs  of  syphilis.  Since  both  the  Wassermann  and 
sero-enzyme  tests  were  negative,  it  is  very  probable  that  this 
patient  has  been  cured. 

The  accompanying  table  was  arranged  from  the  histories 
taken  at  the  time  the  patients  visited  the  clinic. 

While  the  Wassermann  reaction  at  times  is  negative  in  the 
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primary  state  of  syphilis,  in  three  cases  out  of  eight,  i.e.,  cases 
3,  9,  21,  in  this  series,  the  sero-enzyme  reaction  was  positive  in 
all.  Out  of  the  eighteen  cases  of  secondary  syphilis,  four, 
cases  -i,  12,  16,  26,  gave  a  negative  Wassermann  reaction ;  all  gave 
a  positive  sero-enzyme  reaction.  The  specific  enzyme  present  in 
the  sera  of  syphilitics  is  probably  directed  against  degenerated 
cell  proteins  rather  than  against  the  infecting  agent.  The  sero- 
enzyme  reaction  appears  to  be  specific  and  demonstrable  at  an 
earlier  period  than  the  complement  fixation  test  since  the  pro- 
duction of  specific  enzymes  can  be  stimulated  by  minute  quanti- 
ties of  protein  foreign  to  the  blood,  and  because  these  proteins 
are  constantly  finding  their  way  into  the  circulation  in  the  course 
of  this  disease. 

The  Wassermann  reactions  have  been  carried  out  with  three 
antigens  simultaneously  and  in  most  instances  they  have  been 
repeated  for  the  purpose  of  double  checking  the  results. 

I  take  pleasure  in  expressing  my  thanks  to  Dr.  Hitchcock,  for 
supplying  me  with  cerebrospinal  fluid  from  tabetics  and  paretics, 
Dr.  Wm.  E.  Keane,  Dr.  F.  L.  Clark,  and  Dr.  G.  L.  Kiefer  for 
giving  me  access  to  their  clinics. 
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BACTERIOLOGY    AND    CONTROL    OF    ACUTE 
INFECTIONS  IN   LABORATORY    ANIMALS/ 

i;\'  X.  s.   i-i:rr\  ,  I'li.i;.,  m.d. 

(I"rnin  the  Kescarcli  Laljoratory.   Parke,   Davis  \-   Co.,    Detroit,  Michigan.) 

Ill  July,  1!»1D,  the  writer  i)ul)lisliecl  an  article  (IDK)')  en- 
titled "A  Preliniinar\-  Report  of  the  Bacterial  Findings  in  Canine 
Distemper,"'  in  which  was  described  the  organism  responsible 
for  the  disease.  Within  a  few  months  a  complete  report  (1911'-) 
was  given  in  a  paper  entitled  "Etiology  of  Canine  Distemper." 
Almost  simultaneously  with  the  second  report  an  article  ( lOll") 
appeared,  by  M'Gowan,  of  Edinburgh,  in  which  was  described 
the  same  organism.  This  year  an  article  (li)lo^)  api)eared,  by 
Torrev  and  Rahe,  of  New  York,  corroborating  the  findings  of 
the  two  pre\ious  workers. 

It  is  im])ortant  to  note  that  the  organisms  found  b_\-  these 
investigators  were  identical,  and  that  their  work  was  carried  on 
absolutely  independently  of  each  other,  thus  establishing  in  a  \ery 
conclusive  and  decisive  manner  the  etiology  of  the  disease. 

Soon  after  the  publication  of  the  article  by  M'Cowan,  an 
opportunitv  was  afforded  the  writer  to  study  a  similar  condition, 
in  epizootic  form,  among  rabbits,  guinea-pigs,  ferrets  and  mon- 
keys. He  was  able  to  corrol)orate  the  results  of  M'Gowan,  and 
demonstrate  the  identity  of  the  causal  organism  with  the  one 
described  as  the  cause  of  distemper  in  dogs,  and  also  prove  the 
relationship  and  specific  nature  of  these  infections  (1!)12\  11)1'-?'''. 
1913'). 

The  diseases  encoimtered  in  epizootic  form,  which  constitute 
the  subject  of  this  paper,  include  those  mentioned  in  previous 
papers  (1911-,  1912-',  1912''),  as  well  as  an  infection  among  rab- 
bits due  to  an  organism  of  the  ralibit  septicaemia  type,  and  in 
infection  among  dogs  due  to  an  organism  of  the  colon  tyi^e. 

Although  the  organism,  first  named  by  the  writer  B.  bron- 
chicanis  (1911-).  and  later  changed  by  him  to  B.  bronchiscpticiis 
{1!)12''),  was  isolated  in  the  large  majority  of  cases  from  the 
trachea,  bronchi,  nasal  cavity,  lungs,  blood,  sjjleen.  liver,  intes- 
tinal tract  and  other  locations,  other  micro-organisms,  rather 
closely  allied,  culturally,  have  been  found,  in  some  cases,  in  large 


'[Received   .\uguft    12,   19i:i.l      Presc  lUed    by  title  at  the    meeting  of  the    Society  of 
.American   Bacteriologists  at    New   ^'ork.    December,   1912. 
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enough  numbers  to  claim  attention.  Some  of  these  organisms 
were  found  contaminating  the  B.  bronchisepticns,  and  others 
were  in  pure  culture.  Those  found  associated  with  the  B.  bron- 
chisepticns were  undoubtedly  secondary  invaders,  as  were  also 
those  found  alone.  In  the  latter  instance,  however,  the  primary 
infecting  agent,  the  B.  bronchisepticns,  were  either  overgrown 
or  had  disappeared,  and  the  animals  had  yielded  to  the  secondary 
infecting  agent,  the  B.  bronchisepticns,  was  either  overgrown 
and  gives  this  as  an  explanation  as  to  wh\-  the  B.  bronchisepticns 
is  not  always  found  in  the  later  stages  of  the  disease.  The  writer 
showed  very  conclusively  in  his  earlier  articles  on  the  subject. 
that,  in  order  to  obtain  the  specific  organism  without  much  diffi- 
culty, the  case  must  be  taken  in  the  early  stages  of  the  disease. 
MT'iowan  (1911^)  alscj.  in  an  epidemic  among  cats  due  to  this 
same  organism,  found  that  the  animals  died  from  secondary 
infections,  which,  in  some  cases,  had  entirely  supplanted  the 
primary. 

One  object  of  this  paper  is  to  describe  the  various  organisms 
resembling  the  B.  bronchisepticns,  and  some  experiments  carried 
out  with  them,  to  determine,  if  possible,  the  exact  status  of  the 
B.  bronchisepticns  as  regards  micro-organisms  of  similar  mor- 
pholog\'  which  are  found  at  limes  associated  w^ith  ii.  This  work- 
is  the  outcome  oi  a  discussion  of  a  ])a])or  (19i;V)  on  the  subject 
of  distemper,  in  which  the  (|ucstion  was  raised  as  to  whether  the 
B.  bronchisepticns  was  one  of  a  large  group  of  organisms  with 
slight  cultural  variations,  or  a  distinct  species. 

Before  considering  the  experiments  in  detail,  however,  it 
may  be  well  to  give,  briefly,  the  symptomatology  and  bacteri- 
ology of  the  infections,  as  found  by  the  writer,  in  laboratory 
animals. 

INKKCTIO.NS  Willi    11.    i:ko.\(  lllSi:i''nC'US. 

I)o(;. — Symptomatology. — Cough,  diarrh(ca.  serous,  followed 
bs'  purulent  discharges  from  the  nose  and  eyes,  together  with 
loss  of  appetite  an(l  flesh,  arc  the  most  pronounced  symptoms. 
The  disease  may  be  ushered  in  w  itii  convulsions,  especially  in  the 
very  young,  and  result  in  death  within  ;i  few  hours.  A  pustular 
skin  lesion  is  found  in  about  H»  to  \'>  per  cent,  of  cases.  Acute 
symptoms  usually  last  from  a  few  days  to  two  or  three  weeks, 
and  are  followed  by  death  in  (><)  to  !)<)  per  cint.  of  cases.  The 
case  may  go  on  to  a  coniplcte  recoverv  or  to  ;i  chronic  condition 
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lasting  several  months,  or  it  may  terminate  in  a  condition  called 
"chorea."    Incubation  period  is  from  five  to  seven  days. 

Bacteriology. — In  the  very  early  stages  the  B.  bronchi- 
scpticus  may  be  found  in  pure  culture  in  the  respiratory  tract, 
blood,  and  often  in  the  abdominal  organs,  and  it  may  be  isolated 
from  the  intestinal  tract.  In  later  stages  the  specific  micro- 
organism is  found  associated  with  a  variety  of  secondary  organ- 
isms, especially  the  Staphylococcus  albiis  and  Streptococcus 
pyogenes. 

Gui\E.-\-PiG. — S\mptomatology. — The  symptoms  first  no- 
ticed are  weakness,  diarrhoea,  loss  of  appetite  and  flesh.  When 
observed  in  the  cage  at  rest  or  walking  about,  the  back  will  be 
arched  and  the  hindquarters  drawn  up ;  this  attitude  is  very 
characteristic.  Death  will  follow  within  a  few  days  in  a  large 
majority  of  pigs  affected.  Females  are  more  susceptible  than 
males,  and  the  prognosis  is  invariably  fatal  in  pregnancy.  Incu- 
bation period  is  from  three  to  five  days. 

Bacteriology. — The  specific  micro-organism  is  found  in  the 
upper  respiratory  tract  in  pure  culture,  and  often  in  the  abdomi- 
nal organs  and  intestinal  canal  in  association  with  other  organ- 
isms. The  animal  usually  dies  before  secondary  organisms  be- 
come very  much  in  evidence,  except  in  the  intestinal  canal ; 
wlierein  it  difliers  from  the  dog. 

Rabbit. — Symptomatology. — Loss  of  appetite  and  flesh  with 
decreased  activity  are  usually  the  initial  symptoms.  Diarrhoea 
is  an  invariable  symptom,  while  a  discharge  from  the  nose  and 
eyes  (purulent  very  early)  is  recognized  in  most  cases;  wherein 
it  dififers  from  the  guinea-pig.  Death  in  the  majority  of  cases  is 
found  in  from  two  to  ten  days,  although  the  disease  is  not  so 
fatal  as  with  the  guinea-pig.  Incubation  period  from  five  to 
seven  days. 

Bacteriology. — In  the  early  stages  the  B.  hronchisepticus  is 
usually  found  in  the  respiratory  tract  in  pure  culture.  It  may 
also  be  found  in  the  blood  and  abdominal  organs.  In  later  stages 
the  micro-organism  is  associated  with  pyogenic  organisms  of 
secondary  infections. 

Monkey. — Symptomatology. — Loss  of  appetite  and  flesh 
with  decreased  activity  are  about  the  first  symptoms  noticed. 
Diarrhoea  is  invariably  present  and  an  occasional  cough  is  heard. 
A  discharge  from  the  nose  or  eyes  has  not  been  observed.  The 
disease  usually  lasts  from  one  to  two  weeks.  The  incubation 
[)eriod  is  about  one  week. 

Bacteriology. — The  B.  hronchisepticus  has  been  isolated  in 
pure  culture  from  the  respiratory  tract  and  blood.  It  has  also 
been  found  in  the  abdominal  organs  and  intestinal  canal.  Some 
of  the  cases  terminated  in  a  streptococcus  septic^emia. 
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Ferret. — Symptomatology. — The  symptoms  are  verv  sim- 
ilar to  those  found  in  the  rabbits,  including  loss  of  appetite  and 
flesh,  diarrhoea  and  purulent  discharge  from  nose  and  eyes. 

Bacteriology. — B.  bronchisepticiis  found  in  respiratorv  tract 
in  pure  culture  in  early  stages.  In  later  stages  it  is  liable  to  l)e 
overrun  with  the  secondary  invaders. 

RABBIT    SEPTIC. KM  I.\. 

Symptomatoloyy. — The  duration  of  the  disease  is,  as  a  rule, 
hut  a  few  hours,  so  that  the  symptomatology  is  not  verv  impor- 
tant. Often  a  slight  discharge  may  be  found  at  the  nostrils,  but 
this  is  not  so  profuse  nor  so  purulent  as  is  found  in  the  "snuffles" 
due  to  B.  bronchisepticiis.  A  slight  discharge,  in  fact,  seems  to 
be  a  common  symi)tom  of  most  infections  in  the  ralibit.  .\n 
infection  with  the  bacillus  of  rabbit  septicemia  seems  to  he  alM)ul 
the  most  fatal  of  any  of  the  rabbit  diseases. 

Bacteriology. — A  general  invasion  of  the  body  with  the  spe- 
cific micro-organism. 

INFECTION     OF    DOCS     WITH     AX     OKCA.MS.M     OK    Till'     (.'()L(  ).\ -l'AK.\- 
fOLO.X   T\1'E. 

Symptomatology. — Practically  the  only  symptoms  noticeal)le 
were  a  rai)id  emaciation  and  diarrhcea,  coincident  with  a  loss  of 
appetite  resulting  in  death  within  a  few  days. 

Bacteriology. — The  micro-organism,  thought  to  be  the  B. 
cnteritidis,  which  was  found  to  be  the  cause,  was  ii-olated  in  pure 
culture  from  the  blood  and  organs.  C'uhures  taken  from  the 
trachea  and  lungs  gave  no  growth.  Tlie  intestinal  canal  was  not 
cultured. 

DkSCKII'TIo.X    ol"   TIIK   .^K((  )NI)AKV    OrGANIS.M  sV.f  XDI'.K    l)lS(  TSSloX 
Wrill     TIIK    1).     Ih<()XCII  ISEPTICU.S    FOR    ( 'oM  I'AK  1  S(  )X  . 

(  )nly  those  nintilc,  (  Iram-negalive  bat-illi  which  iHscinl)!ed 
the  B.  hroiuliiscpliciis  \>\  llu'ir  early  growth  on  agar  were  re- 
tained for  stu(l\.  All  cultures  wen-  under  <  )I)ser\  ation  two 
weeks  when  thr  final  rea<lings  w  eri'  taken.  .\(j  attenii)t  has  been 
made  to  ideiitifx  these  organi-nis  dthcr  than  to  place  the  organ- 
isms of  (  iroiip  I.  with  the  />'.  ciilcrilidis  grou]). 

i;.   r.K(iX(  II  isi;rii(  r>. 

M<irpli(il(>gy.  —  S]u>v[,  narrow.  .///(/;•  stroke.  .Moderate,  fili- 
form, moist,  glistening,  translucent.  Bouillon. — Cloudy  with 
sediment,  /'otato. — .Abundant,  dark  tan.  Litmus  milk. —  .\larked 
alkaline,      (ilucose  agar.      .\'o  gas.     Celatin.      .\o  li(|nefactioiK 
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( 1!.  i:y 


No.  of  strains  'Lwlatcd—\7.  Morpliolo(jy.—Me<.\\um  size, 
broad,  .lyar  stroke. — Moderate,  lol)ate,  glistening,  translucent. 
Bouillon. — Cloudy  at  first,  tendency  to  clear  U])  later.  Potato. — • 
Slight,  colorless.  Litmus  milk. — Acid,  changing  to  alkaline,  (i/u- 
cose  agar. — Gas.     Gelatin. — No  liquefaction. 


GROUl'  II. 

Xo.  of  strains — 2.  Morphology. — I.ong,  narrcnv.  -igar 
stroke. — Moderate,  lohate,  glistening.  Bouillon. — Cloudy  first, 
clears  up  with  sediment.  Potato. — Abundant,  cream.  Litmus 
milk. — Marked  acid,  no  coagulation.  Glucose  agar. — Gas.  Gela- 
ti)i. — No  li(|uefaction. 

GROUl'    III. 

No.  of  strains — 1.  Morphology — I>ong,  narrow,  bipolar. 
.Igar  stroke. — Abundant,  si)reading,  glistening,  turning  the  me- 
dium darker.  Bouillon. — F"locculent  at  first,  clears  with  heavy 
film  and  heavy  sediment.  Potato. — Slight,  colorless.  Litmus 
milk. — Color  disappears  at  first,  later  acid.  Glucose  agar. — No 
gas.     Gelatin  stab. — Liquefaction. 


No.  of  strains — 1.  Morphology. — Small.  Agar  stroke. — 
Moderate,  filiform.  Bouillon. — Clear  and  viscid  sediment.  Po- 
tato.— Moderate,  tan.  Litmus  milk. — Slightly  alkaline.  Glucose 
agar. — No  gas.     Gelatin. — No  liquefaction. 

GROUP   v. 

No.  of  strains — 1.  Morphology. — Large.  Agar  stroke. — 
Moderate,  echinulate.  Bouillon. — Cloudy.  Potato. — Slight, 
colorless.  Litmus  milk. — Acnd,  coagulation.  Glucose  agar. — Gas. 
Gelatin. — Liquefaction. 

GROUl'   VI. 

No.  of  strains — .'5.  Morphology. — Large.  Agar  stroke. — 
Moderate,  lobate.  Bouillon. — Cloudy.  Potato. — Abundant,  yel- 
low. Litmus  milk. — Acid,  coagulation.  Glucose  agar. — Cjas. 
Gelatin. — No  licjuef action. 

(;r()U1'  \ii. 

No.  of  strains — 2.  Morphology. — Large.  Agar  stroke — 
Moderate,  lobate.  Bouillon. — Cloudy.  Potato. — Abundant, 
cream.  Litmus  milk. — Slightly  acid,  changing  to  alkaline.  Glu- 
cose agar. — No  gas.     Gelatin. — No  liquefaction. 
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Wliilc  tlie  \ariations  between  these  organisms  were  decisive 
enough  to  clearly  differentiate  them,  agglutination  tests  were 
carried  on  as  controls,  to  complete  the  work  and  corroborate  the 
classifications.  It  will  be  seen  that  in  all  cases  the  agglutination 
tests  confirmed  absolutely  the  cultural  work. 

Immune  sera  were  obtained  from  rabbits  injected  with  these 
various  organisms,  as  well  as  with  various  strains  of  B.  bronclii- 
septicns  obtained  from  different  animals,  for  the  purpose  of 
cross  agglutinations,  as  controls.  After  first  obtaining  a  small 
quantity  of  serum  from  each  rabbit,  as  a  normal  control,  the 
animals  were  given  three  injections  of  a  fairly  heavy  suspension 
of  dead  organisms  in  physiological  salt  solution,  intravenously, 
at  intervals  of  three  days,  and  bled  one  week  after  the  last  injec- 
tion. The  suspensions  for  the  agglutination  tests  were  prepared 
according  to  a  method  described  in  a  previous  article  (1911^). 
The  tests  were  allowed  to  stand  in  the  incul)ator,  and  readings 
were  taken  at  the  end  of  twenty- four  hours. 

Table  II. 


Suspension  of  i?.  hronchi- 
sqiticits  from 

Agglutination  Titre  of  Sera  from  Rabbits  immunised 
witli  L.  hronchisepticus  from 

Rabbit. 

Monkey. 

Guinea- 
pig- 

Dog. 

Intestine 
of  Puppy. 

Rabbit 

Monkey        .... 
Guinea-pig    .... 

Dog 

Intestine  of  puppy 
Control  (normal  serum) 

Ferret 

Douglass        .... 
Human          .... 

1  :  3J00 
1  :  ICOO 
1  :  1600 
1  :  1600 
1  :  1600 
1  :  10 

1  :  6400 
1  :6400 
1  :  3200 
1  :  3200 
1  :  3200 
1  :  20 

1  :  1000 
1  :  1800 

1  :  L'OOO 
1  :  1600 
1  :  1800 
1  :  10 

1  :  3-200 
1  :  2000 
1  :  2000 
/  .•  3.^00 
1  :  3200 

0 
1  :  2000 
1  :  2000 
1  :  3200 

1  :  3200 
1  :  1000 
1  :  2000 
1  :  3200 
1  :  3?00 
0 

... 

Experiment  1    (Table  II). — Test  of  several  strains  of  B. 
bronchiscpticus  isolated  from  various  sources.     Cross-agglutina- 


tions  were  carried  out,  excei)t   with   tlic   strains  marked   ferret, 
Douglass,  and  human. 

Experiment  2. — In  tliis  experiment  (Table  111)  suspen- 
sions from  the  organisms  resembling  B.  hronchiscpticus  were 
tested  against  a  serum  immune  to  strain  of  B.  bronchisepticus 
from  dog  'M\.  This  serum  has  always  given  typical  and  high 
agglutination  with  suspension  of  B.  bronchisepticus.  It  will  be 
seen  that  the  highest  titre  obtained  from  any  of  the  secondary 
organisms  was  1  liOO,  from  Group  III,  while  that  from  B. 
bronchisepticus  was  1 :3200.  Comparing  this  with  the  i)revious 
experiment,  it  will  be  seen  that  agglutinations  of  B.  bronchi- 
septicus suspensions  with  their  homologous  serums  are  always 
above  1 :1000  and  average  1  :;520i». 

Table  III. — Aij'jlnlinafivn  Titre  of  Serum  from  a  Rabbit. 
{Iinrrmiiiscd  witli  L.  hronchiscpticiis,  No.  36.) 


Suspensions  of 

1 

:  3200 

B.  branch  Isqiticus        .... 

No.     36 

f  Bacillus 

1-1 

0 

„               ... 

26 

0 

Group       I.- 

,,       34 

0 
0 

,! 

',!       36 

0 

.    ',!        ... 

4."> 

0 

Group     II.           ,, 

,,       38 

0 

Group   III.            ,,               ... 

„       02 

1 

:  400 

Group    IV.        '  ,, 

54 

Group      V.            ,,               ... 

,,     143 

1 

:  100 

Group    VI.           ,,                                 .  [ 

,,      191 
,,     '209 

1 
1 

:  100 

:  SO 

Group  VII.           ,,               ...  1 

,,    it;i 

„      162 

1 

0 
:  10 

firoup  I.  which  was  found  in  a  larger  number  of  cases  than 
any  of  the  other  secondary  organisius  .seventeen  out  of  twenty- 
seven),  showed  no  tendency  wiiatever  to  agglutinate. 

ICni'EKIMKNT  ;5. — This  experiment  (Table  i\  )  shows  the 
result  of  the  cross-agglutinations  between  the  organisms  of  the 
various  groups. 

The  horizontal  row^   reproenl   tin-  imnunie  sera.      The  i)cr- 
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pendicular  rows  represent  the  suspensions.  The  figures  in  italics 
represent  the  titre  of  the  suspensions  of  various  bacilH  with  their 
homologous  serums.  The  suspensions  of  B.  bronchiscpticus  with 
their  homologous  serums  gave  an  agglutination  on  the  average 
of  about  1 :3200,  while  the  organisms  of  the  remaining  groups 
appeared  to  have  a  tendency  to  agglutinate  in  very  much  higher 
dilutions,  most  of  them  going  up  as  high  as  1:10,000.  The  sus- 
pensions of  the  organism  from  Group  I\'.  always  gave  a  spon- 
taneous reaction,  so  that  the  only  means  we  had  of  testing  this 
organism  was  by  means  of  its  immune  serum  against  suspension 
of  organisms  from  the  other  groups. 

Control  of  Iu'izootics  .among  L.\iu)K.\T()Kv  Anim.als. 

If  infectious  diseases  among  laboratory  animals  are  to  be 
controlled  and  epizootics  prevented,  especially  where  large  num- 
bers are  housed  together,  as  in  breeding  stables,  strict  hygienic 
measures  must  be  adhered  to  and  sanitary  precautions  carried 
out.  This  includes,  wherever  applicable,  preventive  inoculations 
with  specific  vaccines. 

As  regards  infections  caused  by  B.  hroncliisepticiis.  experi- 
ence has  taught  us  that  epizootics  can  be  controlled  and  a  pro- 
tection afforded  the  susceptible  animals,  provided  prophylactic 
injections  with  vaccines,  together  with  the  ordinary  sanitary 
measures,  are  intelligently  and  systematically  carried  out.  In 
the  epizootics  under  discussion,  among  guinea-pigs  and  rabbits, 
due  to  B.  hronchisepticus,  vaccines  were  made  up  with  the  spe- 
cific bacillus,  100,000,000  per  cubic  centimetre.  Each  animal  was 
injected  with  its  homologous  vaccine  every  third  day,  starting 
with  1  c.c.  and  increasing  the  dose  1  c.c.  at  each  subsequent 
injection. 

The  ei)izootic,  due  to  the  colon-like  bacillus,  which  simulated 
an  acute  type  of  distem])er,  and  might  easil\  lia\c  been  mistaken 
for  it,  was  found  among  a  number  of  young  dogs  which  were 
being  saved  for  exi)erimental  purposes,  and  had  therefore 
received  their  regular  pro[)hylactic  vaccinations  against  B.  hron- 
chisepticus. It  was  thought  at  first  that  the  dogs  were  suffering 
from  true  distemper,  and  that  the  vaccine  in  this  case  was  not 
protecting.  After  a  thorough  bacteriological  examination  had 
been  made  of  every  dog  that  <lied,  it  was  found  that  the  /^. 
hrotichisepticKS  was  not  ])rcsent   and   that  another  bacillus  ot   a 


very  similar  morphology  was  responsible  for  the  troul)le.  This 
bacillus,  which  was  probably  the  B.  enteritidis,  was  found  to  be 
extremely  virulent,  a  very  small  dose,  upon  subcutaneous  inocu- 
lation, killing  a  dog  within  a  day  or  two  with  an  acute  general 
infection. 

This  incident  showed  very  strikingly  that  at  least  one  disease 
similar  to  the  acute  form  of  distemper  may  at  times  appear  in 
epizootic  form ;  and  in  order  to  differentiate  the  condition  from 
distemper  a  bacteriological  examination  would  be  necessary. 

The  epizootic,  due  to  the  bacillus  of  rabbit  septicaemia  type, 
did  not  respond  so  readily,  in  our  hands,  to  prophylactic  injection 
with  a  specific  vaccine.  A  \accine  made  up  with  this  bacillus, 
100,000,000  per  c.c,  gi\en  in  three  injections  of  increasing  doses, 
offered  practically  no  protection.  It  was  found,  experimentally, 
also,  that  three  doses  did  not  protect  rabbits  from  the  AI.  F.  D. 
of  this  organism.  The  results  of  the  experimental  as  well  as  the 
clinical  tests  convinced  us,  therefore,  that,  if  we  are  to  protect 
against  the  disease,  at  least  a  more  protracted  course  of  treat- 
ment with  the  prophylactic  vaccine  would  be  necessar\-.  This 
disease  was  finally  controlled  only  by  isolation. 

C0NCLUS10X.S. 

From  the  results  of  the  cultural  tests  and  agglutination 
experiments,  as  carried  out  on  the  micro-organisms  included  in 
this  study,  it  is  shown  very  clearly  that  the  B.  hronchisepticus  is 
a  distinct  species.  This  confirms  the  previous  work  of  M'Gowan 
and  also  the  writer,  and  corroborates  the  results,  of  Torrey,  who 
says :  "We  ha\e  tested  many  strains  of  the  bacillus,  and  in  every 
instance  in  which  there  was  an  exact  correspondence  with  the 
diagnostic  cultural  tests  there  was  also  a  definite  agglutination 
with  a  single  anti-serum."  "As  regards  agglutination,  then, 
there  are  no  sub-varieties  of  the  bacillus,  but  the  same  degree  of 
uniformity  obtains  which  is  encountered  with  Jlbrio  cholercc  or 
B.  typhosus." 

It  has  been  found  by  Torrey,  M'Gowan,  and  the  writer, 
after  studying  many  strains  of  the  bacillus,  that  the  cultural  tests 
are  invariable,  and,  for  ordinary  routine  work,  the  reactions  on 
litmus  milk  and  potato  are  characteristic,  and  that  the  bacillus 


l.iS 

n:ay  he  identitied  by  its  heliavior  towards  these  nieiH:i.  The 
writer  has  encountered  hut  two  organisms  wliicli  may  stimuhite 
the  B.  bronchiscf'ticiis  in  its  reactions  towards  these  mecha ; 
naniel}',  tlie  B.  fccalis  alkali(/encs.  mentioned  also  hy  Torrey.  and 
an  organism  descrihed  in  tliis  paper  as  l)acillus  of  (irouj)  IW  The 
B.  fecalis  alkaligencs,  however,  according  to  (hfferent  authori- 
ties, does  not  always  j^roducc  a  characteristic  alkaline  reaction  in 
litmus  milk,  while  its  growth  on  potato  is  but  slightly  raised  and 
not  so  moist.  A  culture  of  this  organism  received  from  the 
American  Museiun  of  Xatural  History,  New  York,  gave,  in  the 
hands  of  the  writer,  a  distinct  acid  reaction  in  htiuus  milk.  The 
organism  descrihed  in  this  i)aper  as  bacillus  of  ("irou])  1\  might, 
accorthng  to  its  growth  on  potat(j  and  in  litnuis  milk,  l)i.'  i<lentitied 
as  /).  hroiichiscpticiis.  were  it  not  for  its  growth  in  bouillon.  The 
bouillon  was  clear  with  a  string}'  sediment,  instead  of  being 
cloudy.  This  characteristic  clumping  was  shown  \cry  clearly  in 
the  agglutination  work  with  this  organisiu.  The  suspensions  of 
this  organism  inxariabh'  agglutinated  spoiUaneously. 
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When  any  substance  which  finds  appHcation  directly  or  indir 
rectly  in  therapeutic  measures  cannot  readily  be  standardized  by 
any  chemical  method,  other  methods  are  usually  attempted  by 
which  to  determine  its  value.  The  medicinal  substances  which 
fail  to  respond  to  any  chemical  assay  method  are  standardized 
by  various  means,  of  which  perhaps  the  most  important  is  the 
biological  assay. 

An  example  of  valuable  products  whose  values  cannot,  in 
most  cases,  be  determined  by  chemical  assay  is  that  of  the  coal- 
tar  disinfectants.  While  it  is  established  that  the  value  of  the 
coal-tar  oils  as  disinfectants  resides  largely  if  not  entirely  in 
those  constituents  similar  to  phenol,  the  crude  product  contains 
these  phenols  in  such  an  endless  variety  that  the  chemical  assay 
of  any  oil  can  give  only  a  hint  as  to  the  actual  value  of  that  oil 
as  a  germicide.  We  resort,  therefore,  to  a  bacteriologic  method 
and  attempt  to  decide  its  value  by  testing  it  as  a  germicide. 

It  is  almost  impossible  to  make  a  laboratory  test  of  a  disin- 
fectant which  will  duplicate  the  practical  use  of  that  product 
even  in  one  particular  case.  How  much  more  difficult  it  would 
be  to  duplicate  every  use  to  which  such  a  product  may  be  ap- 
plied, is  very  evident.  The  infinite  variety  of  conditions  under 
which  disinfection  is  practised  opens  wide  the  field  for  discus- 
sion as  to  the  minor  points  which  it  is  desirable  to  consider  in 
outlining  a  method  for  their  standardization. 

This  is  but  natural.  One  investigator,  realizing  the  differ- 
ence in  resistance  of  different  organisms,  chooses  an  exception- 
ally resistant  one,  as  B.  pyocyaneus.  Another,  who  is  vitally 
interested  in  the  disinfection  of  excreta,  suggests  B.  typhosus. 
Another,  wishing  to  avoid  the  danger  lurking  in  a  culture  of  ^. 
typhosus,  chooses  B.  coli  communis. 
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Again,  one  investigator  considers  that  a  disinfectant  should 
be  valued  on  its  prompt  action  and  suggests  that  the  dilution  to 
be  compared  with  standard  should  be  that  which  kills  the  organ- 
ism in  a  time  between  one  and  five  minutes.  Another  suggests  a 
half-hour  as  the  maximum  time,  on  the  logical  supposition  that 
the  disinfectant  will  be  acting  for  at  least  that  period.  So,  too, 
opinions  vary  as  to  the  temperature  at  which  disinfectants  should 
be -tested  and  as  to  the  medium  in  which  the  organism  should  be 
grown.  While  these  points  are  not  unimportant,  any  method 
which  attempts  to  incorporate  all  of  the  possible  suggestions 
would  necessarily  be  too  cumbersome  for  practical  use. 

Looking  over  the  field  of  discussion,  it  is  evident  that  one 
may  eliminate  as  less  important  all  methods  but  two ;  namely, 
that  proposed  by  Doctor  Samuel  Rideal  and  T.  Ainslie  Walker 
and  that  proposed  by  Doctors  John  F.  Anderson  and  Thomas  B. 
McClintic,  known,  respectively,  as  the  Rideal-Walker  and 
Hygienic  Laboratory  ^klethods.  The  others  may  be  eliminated 
from  any  specific  reference  because  so  many  of  their  valuable 
features  have  been  incorporated  in  these  two  methods. 

The  authors  of  this  paper  published  a  method  (American 
Journal  of  Public  Health,  May.  1912)  which  has  been  in  prac- 
tical use  for  the  standardization  of  commercial  disinfectants  for 
a  period  of  fourteen  years.  In  its  essential  details,  the  Rideal- 
Walker  Method  resembles  it  so  closely  that  for  all  practical  pur- 
poses they  are  the  same. 

In  a  later  paper  (American  Journal  of  Public  Health.  June, 
'1913)  the  authors  suggested  some  changes  in  following  the 
Hygienic  Laboratory  Method,  changes  which  appear  to  simplify 
what  is  really  a  complicated  process.  Tn  that  paper  reference 
'was  made  to  the  possibility  of  evolvinf^  from 
mciterial  at  hand  a  ^inl|ll(.■  practical  nicllKxl  for  sta 
infcctants. 

At  this  time  we  wish  to  present  some  data 
marked  variation  in  the  results  of  germicidal 
'Hygienic  Laboratory  Method.  This  data  consists  of:  first, 
reports  of  tests  of  two  disinfectants  which  had  been  submitted 
to  three  bactcriologic  laboratories;  second,  the  reported  coeffi- 
cients' rtn  several  well-known  disinfectants  by  various  investi- 
gators ;    third,  results  obtained   by  using,  as  the   test  organism, 
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two  different  strains  of  B.  typhosus  grown  in  the  same  culture 
medium ;  fourth,  results  of  a  long  series  of  tests  on  two  disin- 
fectants under  a  variety  of  conditions,  including  the  use  of  test 
organisms  B.  typhosus,  Hopkins,  obtained  from  different 
sources  and  from  the  same  source  at  different  times ;  also  the 
growing  of  the  organism  on  or  in  dift'erent  media. 

As  a  conclusion  to  these  illustrations,  we  wish  to  suggest 
certain  steps  which  might  be  adopted  to  advantage  as  a  means  of 
obtaining  uniform  results  in  standardizing  disinfectants. 

When  the  Hygienic  Laboratory  Method  was  made  public 
by  the  appearance  of  Bulletin  No.  82,  the  authors  of  this  paper 
immediately  set  about  becoming  familiar  with  the  technique,  with 
the  idea  that  the  method  would  soon  become  official.  Such  vari- 
able results  w^ere  obtained,  however,  that  it  was  decided  to  submit 
two  samples  to  three  prominent  bacteriologists. 

The  remarks  of  these  bacteriologists  quoted  in  the  letters 
below  are  sufficient  to  indicate  that  the  method  is  one  which 
leaves  much  to  be  desired.  From  letter  dated  January  28,  1914, 
signed  by  Dr.  Herbert  D.  Pease,  we  excerpt  the  following : 


"I  l)elieve  now  that  it  is,  or  will  very  soon  be,  possible  to  obtain 
results  with  the  Hygienic  Laboratory  Phenol  Coefficiency  Method  which 
would  be  within  10  per  cent,  or  15  per  cent,  of  each  other.  What  I 
stated  in  my  letter  held  good  at  that  time,  but  I  do  not  think  it  holds  true 
in  all  respects  at  the  present  time.  We  are  making  a  critical  analysis  of 
our  methods  at  the  present  time  and  I  expect  to  have  them  very  greatly 
improved  in  the  near  future. 

"Some  of  the  points  that  I  brought  out  in  my  letter  of  February  19 
are  still  expressive  of  my  opinion.  The  last  sentence  of  the  first  para- 
graph, "The  variations  in  results  are  always  greater  the  higher  the  co- 
efficiencies,  and  are  smaller  the  lower  the  coefficiencies.'  I  think  even 
the  percentage  variation  is  slightly  greater  with  the  higher  coefficiencies 
than   with  the  lower. 

"I  do  not  believe  we  have  yet  learned  all  there  is  to  know  about  the 
Hygienic  Laboratory^  Method.  It  is  quite  possible  that  we  can  improve 
it,  although  I  do  not  see  very  clearly  at  the  present  time  just  wherein 
any  changes  would  produce  such  a  result.  I  believe  we  should  all  keep 
working  at  the  matter  as  far  as  we  possibly  can — I  intend  to  try  to  do 
my  part." 

I  2JL5  =343  1 
Hvgienic  Laboratorv  Phenol  Coefficient  No.  578273  \  ." °o _qcq  i"  —•^■53. 

1    2T5:=3   43     ) 

Hvgienic  Laboratorv  Phenol  Coefficient  No.  581507  -  .l",,.,!-    ^=3.59 


(signed)  H.  D.  Pe.^se 


The  letter  of  Dr.  Joseph  McFarland  we  quote  in  full  as 
follows : 

Phii.aiikli'HIa,  January  14,  1913. 

We  have  at  last  completed  the  tests  of  Kreso  1  ( IJ  578273)  and 
Kreso  2  (I^  581507).  It  was  a  long  and  tedious  piece  of  work,  fraught 
with  many  difficulties,  and  complicated  by  the  rapidity  of  transplantation 
necessitated  by  the  method   worked   out  by  Anderson. 

The  culture  employed  for  the  tests  was  the  "Hopkins  Typhoid  Ba- 
cillus" obtained  from  Dr.  Anderson.  The  carbolic  acid  used  was  Merck's 
"Absolute."  We  at  first  worked  with  a  stock  solution  made  by  weighing 
out  both  the  carbolic  acid  and  the  water,  but  subsequently  abandoned  this 
for  a  new  stock  solution  made  by  measuring  the  water  and  weighing  the 
carbolic  acid.  As  you  may  note  by  an  examination  of  the  protocols,  it  is 
the  latter  solution  that  coincides  with  the  solution  used  by  Anderson. 

You  will  see  that  the  results  obtained  at  the  different  tests  were 
not  uniform.  To  secure,  as  nearly  as  possible,  the  precise  strength  of  the 
Kreso  solution,  we  made  many  tests  of  both  and  averaged  them.  We 
think  that  their  averages  give  the  strength  as  nearly  as  it  can  be  deter- 
mined, Kreso — 1=4.58,   Kreso— 2=5.18. 

We  hope  that  these  results  are  in  agreement  with  your  own. 
Very  truly  yours, 

(Signed)    Joskph    McFari.ano 


Dr.  Webster's  letter,  inrludinjj  rei)ort,  is  as  follows: 

\Vc  enclose  herewith  report  for  examinations  of  Kreso  Nos.  581507 
and  578273.  The  phenol  coefficient  of  this  disinfectant  was  determined 
according  to  the  method  of  Bulletin  No.  82,  Hygienic  Laboratory.  Public 
Health  and   Marine  Hospital  Service  of  the  United  States. 

The  delay  in  getting  the  report  to  you  was  occasioned  by  the  fact 
that  it  was  necessary  to  run  three  different  series  of  tests  before  wc  could 
lie  <uTe  of  the  test  typhoid  organism. 

Trusting  that  this  report  may  be  satisfactory  to  you  and  tliaukiii); 
\()\\   for  \onr  favor,  we  remain. 

Verv  tnilv  vours, 


(     IlK   Ai.O    i.AltOK.MOKY 


f  Signed)    K.  W.   Wkhstkk,  per  1, 


N..  5 


'Ao -f-^^  5+4^4  _^^^ 
5K15()7    VV'4-H8_3.7o.3.75_3_^._ 
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TABLE  L 
REPORTS  SUMMARIZED. 


Tested  by. 


Disinfectant. 


578273. 


581507. 


Date  of 
Tests. 


Dr.  Herbert  D.  Pease. 
Dr.  Joseph  McFarland . 
Dr.  R.  W.  Webster.... 

Tatsuzo  Ohno 

H.  C.  Hamilton 


Coefficient. 


3.53 

4.58 
4.77 
5.45 
4.75 


3.59 
5.18 
3.75 
4.95 
4.3 


Average  of  the  fiye  results 4.61  4.35 

Results  on  different  dates 


Oct.,  1912. 


Ohno. 


Hamilton. 


7.1 
4.88 
5.67 
6. 

4.75 

5. 


7.9 

4.53 

5. 

5. 

3.6 

4.1 


July 
Oct. 
Oct. 
June 
Oct. 
Oct. 


That  the  Hygienic  Laboratory  Method  often  gives  different 
results  in  the  hands  of  different  workers,  is  also  evident   from 
the  following  results  compiled  from  different  sources : 
TABLE  n. 


Disinfectant. 

Authority. 

Result. 

F                               .      . 

Hamilton 

Ohno 

Hygienic  Laboratory  Bull.  82 

Label 

Hamilton 

Ohno 

Hygienic  Laboratory  Bull.  82 

Label 

Hamilton 

Ohno 

Pearson 

Hygienic  Laborator>- 

Texas  State  Board  of  Health 

Dr.  Prescott 

Walker 

39 

(] 

4. 

6.06 
6. 
9.2 

II 

9.4 
15. 
15-16 

9. 
10. 
22i 
16.6 
18. 
12.2 
22. 

( A)>icr{can  Medicine,  Mav,  1912) 
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The  above  instances  are  sufficient  to  make  one  doubt  tbe 
correctness  of  any  of  the  tests.  It  should  be  noted  that  the 
authors'  results  were  in  every  case  obtained  by  testing  the  same 
sample  and  by  using  the  Hopkins  organism,  coming  either  di- 
rectly or  indirectly  from  the  Hygienic  Laboratory,  and  grown 
for  one  week  in  bouillon  according  to  the  method  described  in 
Bulletin  Xo.  82  of  the  Hygienic  Laboratory. 

These  instances  sho,w,  too.  that  i)henol  alone  cannot  be  de- 
pended upon  as  a  safe  control.  If  it  were  a  reliable  standard, 
the  coefficient  would  not  vary,  since  different  conditions  would 
affect  standard  and  sample  equally.  Cultures  of  B.  ty[<hosus 
seem  to  acquire  an  increased  resistance  towards  the  coal-tar  dis- 
infectants, while  remaining  unchanged  toward  phenol.  If  not, 
win   should  we  obtain  results  like  those  in  'ral)lc  111  ' 

TAHLK  III. 

GERMICIDAL  ASSAY— HYGIENIC  LABORATOUV    MK'lHoD 

Test  of  Disinfectant,  K. 


Sample. 

Phenol 

Dilutions 

April  1 

),  1912. 

1600 

_ 







_     

90 







— 

_ 

— 

1800 

— 

— 

— 

— 

—     — 

100 

4- 

— 

— 

— 

— 

— 

2000 

+ 

— 

— 

— 

—     — 

110 

4- 

4- 

— 

— 

— 

— 

2200 

+ 

-f 

-f 





120 

-h 

4- 

-1- 

4- 

— 

_ 

2400 

+ 

+ 

-H 

4- 

4-     + 
April  1 

130 
1.  1912. 

+ 

4- 

-1- 

+ 

+ 

4- 

1900 











90 











2000 

-1- 

— 

_ 

— 

—     — 

100 

+ 

— 

— 

— 

— 

2100 

-1- 

+ 







110 

4- 

_ 

-1- 

_ 



— 

2200 

+ 

+ 

+ 





120 

-1- 

-h 

4- 

4- 

_ 

_ 

2300 

+ 

+ 

-f- 

4- 

4-     — 

130 

4- 

4- 

4- 

+ 

i 

■ 

(OcfficicMit 

20. 

Sept.  S 

,  1912. 

1200 

4- 

+ 

+ 

4- 

+    4- 

90 

_ 









1300 

-f- 

100 

4- 

_ 

— 

— 

_ 

1400 

+ 

a 

1! 

110 

4- 

-f 

+ 

4- 



-  - 

l.S(K) 

+ 

growth 

120 

4- 

4- 

-\- 

-1- 

4- 

— 

1600 

+ 

Scpt.  1 

130 
3,  1912. 

4- 

4- 

+ 

+ 

+ 

4- 

800 











90 

_ 

— 

9fK) 

+ 

— 

— 

— 

—    — 

100 

4- 

— 

— 

— 

— 

— 

KKK) 

+ 

+ 

4- 





110 

-1- 

4- 

+ 

— 

— 

— 

1100 

-f- 

4- 

4- 

4- 

4-    — 

120 

4- 

-1- 

4- 

-1- 

1200 

-1- 

+ 

-1- 

4- 

4-    4- 

130 

-1- 

+ 

-1- 

( 

CoeflFicicnt 

9 

1(59 

It  is  possible  that  the  character  of  the  emulsifying  agent  in 
this  case  (gelatine)  may  have  influenced  the  results  obtained. 

These  tests  were  made  about  a  week  to  ten  days  after  re- 
ceiving a  fresh  agar  culture  of  the  test  organism  from  the  Hy- 
gienic Laboratory. 

The  Hygienic  Laboratory  Method  has  invariably  given  a 
lower  value  to  a  coal-tar  disinfectant  than  one  obtained  by  the 
other  methods  cited.  The  question,  therefore,  arose,  what  fea- 
ture of  the  tests  is  responsible  for  this  lower  value?  By  growing 
culture  No.  0190  in  the  medium  used  in  the  Hygienic  Laboratory 
Method,  it  was  at  once  found  that  the  test  organisms  are  decid- 
edly different  in  resistance,  the  Hopkins  strain  being  considerably 
stronger  toward  the  coal-tar  disinfectants  than  the  strain  previ- 
ously employed  (No.  0190.  See  Table  IV).  The  Hopkins 
strain,  however,  as  is  shown  in  Table  I,  had  at  one  time  not 
much  greater  resistance  than  culture  No.  0190. 

TABLE  IV. 

HYGIENIC  LABORATORY  METHOD. 

Hygienic  Laboratory  Medium. 


Min.  Phenol. 


E. 


24       I  - 


90     ion     110     120 

13  -      +  -      + 


Hopkins'  Culture. 

-       +  '   —       + 

14      15      18      19       8        9      11       12*- 


Coefficient  A  15.9  B     9.5 


Culture  No.  0190. 

2i 
15 

100 

+ 
110 

120     130 
-       + 
Coefficient 

—       + 
16       17      22      23 

A  17.2 

10 

+ 
11 

B 

13 
104. 

14* 

4- 

'Dilutions  of  D  and  E  are  in  hundreds. 


To  determine  whether  the  method  of  growing  the  organism 
has  any  appreciable  efltect  on  its  resistance,  a  long  series  of  tests 
was  devised  and  carried  out  by  the  authors  working  indepen- 
dently.    The  experiment  included  the  test  of  three  disinfectants 


170 

on  the  Hopkins  organism,  three  different  cuhures,  lettered  a.  h. 
and  c,  being  obtained  at  different  times  and  grown  in  three  ways, 
namely : 

X  continuously  on  bouillon. 

y  ••  "     agar 

z  alternately  (jn  agar  and  bouillon. 

The  tirst  (x)  was  transplanted  daily  from  bouillon  to  bouil- 
lon. The  second  (y)  was  transplanted  w'eekly  from  agar  to  agar, 
a  bouillon  culture  being  made  every  other  week  and  transplanted 
to  bouillon  daily.  The  third  (z)  was  transplanted  from  bouillon 
to  agar,  where  it  grew  one  week,  then  transplanted  to  bouillon 
from  this  medium,  transplants  being  made  daily  for  one  week, 
then  to  agar  again  for  one  w-eek. 

The  results  of  seventeen  tests  covering  a  j)eriod  of  eight 
and  one-half  months  is  summarized  in  the  following  tables: 

TABI.K  \-. 
Average    for  eacli   culture  grown   under 
ditions  : 

B. 

ax    4.56 

ay     3.45 

az     4.24 

bx    4.37 

bv    4.28 

bz     4.28 

ex     4.75 

cv     3.82 

cz     4.21 

Averages  when  culture  is  grown  and  tra 

X  4.58 

y  4.11 

z  4.24 

Averages  with  the  different   cultures: 

a  4.38 

b  4.31 

c  4.26 

The  averages  slunvn  in  these  tables  ;ire  remarkal)Iy  close. 
ccHisidering  wiiat  variable  results  this  uu-tiiod  of  testing  has 
given  on  other  occasions.  I'.iit  wluii  one  observes  the  extremes, 
the  variable  results  obtained  are  more  api)arent. 

The  f (allowing  tables  show  the  lowest  and  highest  coefficients 
obtained  with  each  culture  and  each  way  of  grcjwing  the  culture, 
and  shows  also  the  difference  between  the  extremes  and   llu    pci 
rentage  this  difference  is.  of  the  lowest  coellicient. 


h   of   the  three   different   con 

C. 

ax 

9.38 

ay 

9.30 

az 

8.91 

bx 

9.12 

bv 

9.43 

b'z 

9.24 

ex 

9.24 

cy 

8.81 

cz 

9.03 

lanted  differently  : 

X 

9.25 

y 

9.18 

z 

9.4 

a 

9.20 

b 

9.25 

e 

9.03 
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TABLE  VI. 
DISINFECTANT  B— EXTREME  COEFFICIENTS. 


Lowest. 

Highest. 

Difference. 

Per  Cent. 

4. 

3.68 

3.48 

3.88 

3.8 

3.48 

4.1 

3. 

3.6 

5.5 
4.9 
4.92 

.S.5 

4.72 

4.77 

5.7 

4.77 

5. 

1.5 
1.22 
1.44 
1.62 
.92 
1.29 
1.6 
1.77 
1.4 

m 

33 

av 

az 

I)X 

41 
42 

1)V                     .     . 

24 

l.z 

ex                    .    . 

37 
40 

cy 

cz 
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DISINFECTANT  C— EXTREME  COEFFICIENTS. 


ax 

ay 
az 
bx 
by 
bz 
ex 
cy. 
cz. 


Lowest. 


7.5 
7.6 
7.6 
7.7 
7A 
7.S 
7.6 
7.8 
7.7 


Highest. 


10.45 
10.4 

9.54 
10. 
10.7 
10.4 
10.3 

9.5 
10. 


Difference. 


2.95 

2.8 

1.9 

2.a 

3.3 
2.9 
2.7 
1.7 
2.3 


Per  Cent. 


The  plates  illustrating  this  experiment  consist  of  the  curves 
obtained  by  plotting  the  averages  of  the  results.  The  abscissas 
are  the  numbers  of  tests,  the  ordinates  are  the  dilutions  of  the 
disinfectants. 

Solid  lines  are  results  with  cultures  grown  in  bouillon  con- 
tinuously (x).  Broken  lines  are  results  when  the  cultures  were 
grown  on  agar  continuously  (y).  Dotted  lines,  when  the  cultures 
were  grown  alternately  on  bouillon  and  agar  (z).  Cultures  y 
and  z  are  identical  in  first  test ;  y,  only,  is  recorded. 

A,  B,  and  C  are  the  three  disinfectants,  A  being  phenol ;  a,  b, 
c.  the  three  different  cultures  used.  The  black  lines  show  results 
obtained  by  Hamilton,  the  red,  those  by  Ohno. 

The  location  of  the  points  determining  the  curve  was  ob- 
tained by  using  the  average  of  the  highest  dilutions  killing  at  2>2 
and  1.")  minutes.     For  example,  in  Plate  1.  the  first  test  of  carbolic 
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acid  (A),  with  the  culture  first  obtained  from  Washington  (a), 
and  grown  continuously  in  bouillon  (x)  by  Hamilton  (black 
solid  Hnes),  gave  an  average  dilution  115,  this  being  half  the  sum 
of  the  two  efficient  dilutions,  i.e.,  that  allowing  no  growth  in  2>4 
minutes  and  that  allowing  no  growth  in  15  minutes. 

A  straight  black  line  separates  the  results  obtained  with  (a) 
from  those  obtained  with  (b)  ;  an  irregular  line  separating  (b) 
from  (c)  begins  between  numbers  95  and  1050,  on  Plate  2. 

The  zigzag  character  of  the  curves  shows  the  very  variable 
results  obtained,  while  the  fact  that  the  red  and  black  lines  cor- 
respond so  rarely  shows  that  the  medium  used  and  the  temperature 
of  the  incubator  were  not  influencing  factors  since  these  were 
identical  for  both.  One  might  conclude  that  culture  (b),  the 
second  obtained  from  Washington  and  grown  alternately  on  agar 
and  in  bouillon,  gives  the  least  variable  results.  The  difference 
between  this  and  the  others,  however,  is  only  slight  and  unim- 
portant. 

We  are  not  prepared  at  this  time  to  explain  many  of  the 
results  shown  in  the  above  tables  and  curves.  We  may  con- 
clude, however,  that  certain  unknown  conditions  very  profoundly 
affect  the  resistance  of  the  test  organism.  In  fact,  it  seems  almost 
unquestionable  that  the  different  and  varying  resistance  of  the 
test  organism  is  responsible  for  more  of  the  variable  results  than 
is  the  technique  of  testing. 

We  have  shown  that  the  Hopkins  culture  is  more  resistant 
than  culture  No.  0190  in  either  medium.  The  temperature  at 
which  the  test  is  carried  out  is  of  secondary  importance,  but 
some  certain  temperature  shouhl  be  ado|)ted  for  the  sake  of 
uniformity.  The  amount  of  tlic  cultiiri'  inediuni  uscil  should 
not  be  less  than  5  cc,  but  it  is  only  in  tlu'  lasr  wlicrt.-  an  amount 
of  the  disinfectant  carried  (ner  in  a  loopl'ul  mi.^ht  be  antisei)tic 
in  5  (M-.  that  any  larger  f|uantity  is  necessary.  The  amount  of  a 
iiealthy  broth  culture  of  the  organism  which  should  be  inoculated 
into  the  5  ce.  of  disinfectant  is  unimportant  within  reasonable 
limits,  ki'snlts  oi)tained  by  using  i>.1.  (i.-j.  ii.l  cc.  ilid  not  vary 
more  lliaii  llu-  variation  (\uc  to  the  ixtsoh.iI   factor 

The  pf)int  at  which  the  conipaiison  with  standard  is  made 
seems  unimportant  and  s(,  little  is  gained  by  comparison  at  two 
points  tliat  one  ina\   lie  oiniltid  to  ad\antage.     .\n  axcragc  in  the 
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extremes  of  time  rather  than  averaging  the  results  at  two  times 
seems  much  more  logical. 

We  wish  to  suggest,  therefore,  the  following  points  which, 
as  stated  in  the  introduction,  might  be  used  to  advantage  in  at- 
tempting to  standardize  disinfectants: 

The  Test  Organism.  There  are  some  objections  urged 
against  the  use  of  B.  typhosus,  but  no  other  organism  seems  bet- 
ter adapted  to  the  purpose.  The  Hopkins  strain  suggested  l)y 
the  Hygienic  Laboratory  is  perhaps  as  satisfactory  as  any  other, 
although  one  which  is  more  sensitive  to  the  disinfectants  with  a 
coefficient  of  5  or  over  is  more  accurate  since  it  shows  finer 
shades  of  differences  between  samples.  Culture  No.  0190  has 
been  in  use  many  years,  and  while  occasionally  the  bouillon 
culture  has  been  noticed  to  change  in  its  resistance,  the  agar 
culture  seems  to  be  exceptionally  uniform. 

Method  of  Grozving.  To  obtain  the  greatest  degree  of  uni- 
formity in  the  vitality  of  the  culture  apparently  requires  very 
little  attention  other  than  that  which  is  so  essential  in  bacterio- 
logic  technique ;  namely,  pure  cultures,  sterile  apparatus,  uniform 
temperature  and  medium  in  which  to  grow,  and  an  occasional 
comparison  of  the  bouillon  culture  with  a  fresh  culture  from 
the  agar. 

The  Culture  Medium.  A  medium  containing  more  nutri- 
ment than  that  adopted  by  the  Hygienic  Laboratory  seems  to 
give  more  uniform  results. 

Proportion  of  Culture  to  Disinfectant.  An  average  amount 
of  culture  for  inoculating,  such  as  0.2  cc.  per  tube  of  disinfectant, 
is  sufficient  for  obtaining  good  subcultures,  is  easily  measured, 
and  is  not  an  excess. 

Dilutions  of  the  Disinfectant.  The  dilutions  of  tlie  disin- 
fectant to  be  tested  are  logically  those  which  are  approximately 
proportioned  to  the  dilutions  of  the  standard.  If  phenol  is  the 
standard  and  the  dilutions  increase  by  addition  of  10.  a  disin- 
fectant with  a  coefficient  of  2  may  have  its  dilutions  increase  by 
20 ;  if  its  coefficient  is  5,  by  50 ;  if  10,  by  100. 

Loops  for  Transferring  Subcultures.  These  should  be  of 
No.  23  U.  S.  gauge  platinum  wire,  the  loop  being  4  mm.  inside 
diameter.     The  means  by  which  they  are  sterilized   can   be  left 
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to  the  ingenuity  <jf  the  in<li\  iihial  worker.     See  American  Jour- 
nal of  Public  Health,  \ol.  :i,  Xo.  (i. 

The  Temperature  During  the  Test.  Any  convenient  room 
temperature  such  as  20°  to  22°  C.  should  be  adopted  and  main- 
tained by  any  convenient  method  during  the  test.  That  sug- 
gested in  the  article  previously  cited  (American  Journal  Public 
Health.  \'ol.  3,  No.  6)  is  very  satisfactory. 

Secditu/  Tubes.  While  one  more  surely  guards  against  con- 
taminating the  subcultures  by  using  the  narrow  seeding  tubes 
recommended  in  both  the  Parke,  Davis  &  Co.  and  the  Rideal- 
W'alker  Methods,  the  wide  tubes  suggested  by  the  Lancet  Com- 
mission and  adopted  in  the  Hygienic  Laborati^rx  Method  are 
more  convenient,  and  in  a  laboratory  where  contaminating  influ- 
ences are  at  a  minimum  the  use  of  w^ide  seeding  tubes  is  recom- 
mended. 

Tiine  of  Contact  BetX\.'een  Organism  and  Pisinfectant.  An 
average  time  of  5  minutes  after  which  all  organisms  should  be 
dead  seems  a  logical  time  limit  for  the  reaction  to  take  place, 
and  since  it  is  convenient  to  use  a  difference  of  ^lA  minutes  be- 
tween times  of  subculturing  the  inoculated  dilutions  of  the  disin- 
fectant, the  logical  way  is  to  accept  for  comi)arison  between 
sample  and  standard  those  dilutions  of  each  which  fail  to  kill 
the  organism  in  ")  miniUes  but  which  contain  no  live  organisms 
in  the  Tj/l.-minute  sui)culture.  All  other  dilutions  and  times  of 
subculturing  are  non-essential  under  these  circumstances  and  to 
eliminate  them  shortens  and  simplifies  the  process  very  materially. 
When  subcultures  are  taken  at  only  the  two  times,  namely,  after 
T)  minutes  and  7y^  minutes'  contact  witii  the  disinfectant,  one 
person  can  inoculate  live  dilutions  in  ^^j  minutes,  allowing  one- 
lialf  minute  f(jr  each  inoculation.  Then,  after  a  wait  of  2^.. 
minutes,  (jne  proceeds  with  the  subculturing,  jjlanting  one  from 
each  seeding  tulg;  in  succession  and  imiiu-diately  taking  a  second 
subculture  from  each.  'IMie  first  test  of  a  disinfi'ctant  whose 
coefficient  i>  not  known  lan  be  made  with  so  wide  a  ranj,'e  of 
dilutions  that  it^  character  can  be  iktcrniined  ;  then  the  second 
test  can  \n-  made  in  comparison  witli  tlic  appropriate  standard. 
Ten  diluti(»ns  should  be  sufficient  in  (be  stHond  list  lo  i-o\er  (he 
necessary  range  both  for  the  sample  and  lin'  standard.  W  ith  an 
a^sistaiU    to  sjiakc  the-    sec-ding  tube   aflc-r   it    is  inoculated   and   ti> 
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aid  in  subculturing,  15  seconds  is  sufficient  time  for  each  opera- 
tion and  ten  tubes  can  be  inoculated  and  two  subcultures  taken 
from  each  in  10  minutes. 

The  Standard.  It  has  been  noticed  repeatedly  that  changes 
in  the  resistance  of  the  test  organism  toward  coal-tar  disinfect- 
ants, having  coefficients  of  5  or  over,  are  not  accompanied  by  a 
corresponding  change  in  its  resistance  toward  phenol.  The  criti- 
cal dilution  of  the  latter  appears  not  to  fluctuate  nearly  so  much 
as  that  of  the  coal-tar  disinfectants  with  different  strains  of  the 
culture  and  at  different  times  of  testing.  It  seems  advisable, 
therefore,  to  compare  disinfectants  with  standards  of  similar 
origin  and  approximately  the  same  coefficient. 

TABLE  VII. 
ILLUSTRATION  OF  PROPOSED  METHOD. 
Hopkins'  Culture, 
Liebig's  Extract  Medium, 
Temperature — 20°  C. 
Amount  of  Culture — 0.2  Cc. 


Minutes 

Phenol 

—       + 
110    120 

+      + 

Disinfectant  A.* 

—  —     +     + 
22    24    26    28 

—  -f     +     + 

Disinfectant  B.* 

-  —     +     + 
18    19    20    21 

-  +     +     + 

7i 
5 

Coefficient  A=22 — 
Coefficient  B=17+ 
Steps  in  the  process  and  time  consumed   for  each. 

Inoculating  2i  minutes. 

Wait  2i  minutes. 

First  Subculture  at  5  minutes. 

Second  Subculture  at  7i  minutes. 

'Dilutions  of  A  and  B  are  in  hundreds. 

If  we  have  succeeded  in  proving  the  importance  of  the  test 
organism  and  of  the  standard  and  the  minor  importance  of  many 
details  in  obtaining  uniform  results  when  testing  disinfectants, 
and  if  our  suggestions  by  which  the  process  may  be  materially 
shortened  and  simplified  receive  consideration,  the  object  of  this 
paper  will  have  been  attained. 
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THE    PINEAL    GLAND    IN    RELATION    TO    SO- 
MATIC, SEXUAL  AND  MENTAL 
DEVELOPMENT.* 

Carey    Pratt  McCord,   M.D.,   Detroit. 

From  tumors  involving  the  pineal  gland,  two  distinct  systems 
of  symptoms  and  signs  ensue,  the  neurologic  and  the  metabolic. 
The  neurologic  manifestations  arise  from  the  encroachment  of 
the  neoplasm  on  the  intracranial  contents  and  are  indications  of 
changes  in  pressure,  in  placement  and  of  destruction  of  tissue. 
Such  changes  are  the  consequence  of  pineal  tumors  at  any  age  of 
the  patient;  but  in  pineal  tumors  appearing  in  prepuberal  life 
a  second  group  of  changes  arise,  the  metabolic.  These  metabolic 
alterations  are  referable  to  disturbance  in  the  gland's  secretory 
function.  Api)arently  only  in  young  males  is  this  syndrome  com- 
plete.^ It  consists  of  (1)  early  sexual  development  evidenced 
in  the  enlarged  sex  organs,  pubic  hair,  general  body  hair,  early 
changes  in  voice;  (2)  precocious  mental  development  evidenced 
in  the  maturity  of  thought  and  speech;  and  (3)  general  body 
overgrowth  to  the  extent  that  a  child  of  5  or  G  years  may  have 
the  appearance  of  a  child  of  11  or  12. 

A  case  reported  by  Machell^  presents  these  changes  in  a  striking  man- 
ner. The  patient  was  a  boy  less  than  6  years  old  at  the  time  of  the  pub- 
lication. .\t  the  age  of  5  months  there  was  pnbic  hair,  erections  at  17 
months,  emissions  at  30  months.  The  patient's  weight  was  7y2  pounds 
above  normal  at  4  months  of  age,  12  pounds  in  excess  at  8  months,  20 
pounds  in  excess  at  3  years.  When  the  patient  was  44  months  old,  his 
height  was  8^  inches  al)ove  normal  for  a  child  of  that  age.  At  48  months 
the  circumference  of  the  head  was  over  2  inches  in  excess  of  normal. 
The  voice  was  a  deep  bass.  Mental  precocity  was  very  marked  and  the 
general  bearing  and  language  was  that  of  a  much  older  person. 

On  account  of  the  difficulties  attending  experimentation  on 
this  vestigial  organ,  the  clinical  hndings  with  subsequent  necropsy 


•Read  before  the  Section  on  Pathology  and  Physiology  at  the  Sixty-Fifth  Annual 
Session  of  the  American  Medical  Association,  Atlantic  City,  N.  J.,  June,  1914. 

1.  For  review  of  clinical  cases  see  Bailey,  Pearce,  and  Jelliffe,  Smith  Ely:  Tumors 
of  the  Pineal  Body,  Arch.  Int.  Med.,  December,  1911,  p.  85].  For  Physiologj-  and 
.\natomy,  see  Vincent   Swale;   Internal   Secretion   and  Ductless  Glands,   1912. 

2.  Abstract  taken    from   Medical   Chronicle.   1012.   Ivii,   ^r,i. 
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records  have  been  the  prime  factor  in  the  formulation  of  the 
prevaiHng  ideas  as  to  this  gland's  functions.  The  conception  of 
this  gland's  function,  however,  has  in  part  been  developed  from 
laboratorx'  studies,  notably  from  the  results  concomitant  to  the 
extirpation  of  the  organ.  This  has  been  attempted  frequently, 
but  the  situation  of  the  gland  is  such  that  in  the  greater  number 
of  instances  death  followed  the  operative  procedure,  from  hemor- 
rhage or  injury  to  the  vermis  or  the  occipital  lobes.  By  operat- 
ing on  a  large  numl^er  of  animals  some  workers  have  had  a  few 
animals  survive.  No  changes  attended  the  removal  of  the  gland 
by  Biedl,^  Dandy^  and  Exner  and  Boese,"'  but  Foa"  ablating  the 
gland  in  chicks  and  Sarteschi'  in  young  rabbits  and  puppies  report 
the  production  of  the  precocious  macrogenitosomatic  syndrome. 

The  publications  growing  out  of  these  several  clinical  and 
laboratory  studies  have  given  rise  to  conceptions  of  this  organ 
and  ils  functions  that  ma\"  l)c  thus  epitomized  : 

The  pineal  body  (epiphysis  cerebri),  probal)ly  the  remains  of  a  parie- 
tal eye,  is  situated  just  beneath  the  splenium  of  the  corpus  callosum,  rest- 
ing on  the  anterior  quadriReminate  bodies,  and  is  attached  by  its  base  to 
the  habenular  commissure.  The  RJand  varies  in  size,  shape  and  pigmenta- 
tion and  does  not  stand  in  any  proportional  relation  to  the  size  of  tlie 
brain  or  size  of  the  body.  The  pineal  body  contains  glandular  elements, 
but  tiiese  are  few  and  not  well  defined.  Tlie  greatest  postnatal  develop- 
ment is  in  the  first  years  of  life,  and  as  far  ;is  is  known  the  gland  is  only 
functionally  active  in  the  prepuberal  life.  On  tlie  assumption  that  tumors 
destroy  the  gland  and  deprive  the  body  of  the  substances  generated  by  it, 
the  function  of  the  gland  is  generally  described  as  retarding  and  holding 
in  abeyance  too  rapid  development  in  childhood,  of  the  body,  mind  and 
sexual  characteristics.  When  precocity  in  development  appears  in  con- 
junction with  pineal  tumors,  it  is  attributed  to  lack  of  glandular  secretion. 

Below  are  recorded  some  findings 
that  are  entirely  in  accord  with  liic  i 
Berkeley.®  Contrary  to  the  \ii\\  tli 
due  to  pineal  deficiency  (hyp(t|iiiu',- 
the  dexelopment  has  been  brim^lit  ; 
tioii  of  piiH-al  gland  ti'-suc. 

3.  Biedl:     Innere  Sckielion,   1910. 

4.  Dandy,  cited  by  dishing;  Pituitary  Glaml  am 
a.  Exner  and  Hoesc:  Dciitsch.  Ztsclir.  f.  Cliir  ,  I 
fl.   Foa:  Arch.   Ital.  do  Biol.,  1012,  Ivii,  2S.^. 

7.  SarKschi:   PatholoRia,   1913,   p.   707. 

8.  Dana   and    ncrk.ky:   Med.   Ker.,  N.    V..    10i:t, 
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The  general  plan  of  work  entailed  in  this  study  has  been  to 
feed  to  very  young  animals  minute  quantities  of  pineal  tissue  and 
to  record  the  weight  changes,  sexual  differences,  and  in  the  case 
of  dogs  increased  mentality,  over  control  animals  maintained 
under  otherwise  identical  conditions.  One  hundred  and  ten 
guinea-pigs,  eighteen  ])uppies,  fourteen  adult  dogs  and  sixteen 
chicks  lia\e  l)een  under  ol)ser\'ation. 
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Fig.  1.— Position,  relations  and  rtlative  size  of  the  i>iiKal  i;laii.i.  Taken  from 
lieef  3   years  of  age. 

Fresh  pineal  glands  from  cattle  have  been  employed.  These 
were  in  part  from  veal,  in  part  from  young  adults  approximating 
3  years,  and  in  part  from  the  general  run  of  cattle  from  the  abat- 
toirs. The  glands  averaged  in  weight  (on  weighing  sixty  glands) 
2.14  grains.  There  were  in  the  many  thousand  glands  making  up 
the  several  pounds  that  have  been  used,  marked  variations  in 
size,  shape  and  nielanopigment.   This  pigment,  which  was  present 
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ill  a  \u^\]  pctHcntapc  of  ^laiuK.  tintilvrs  chiclly  (lie  cin  .i|.  iil.ii  iii^ 
tissue. 

For  feediiif::  experimctits  the  j^jlamls  were  piepairtl  I-m  |i(iiii,i- 
ncnt  ti'^e  in  llir  fnllnwing  manlier:  J'he  fresh  glands  were  rinsed 
free  of  Mnnd  ,in<l  hipped  nf  adherent  tissue.  They  were  ground 
to  .1  fine  paste  in  llir  l.atapie  grind<-i.  .md  wiilmnt  <li\itu;  iln 
paste  was  achiiixed  with  milk-sugar  in  -ii' li  <|ii.miIiI\  iImI  '  ■  t;i.nii 
milk-sugar  represented  l(»  mg.  pineal  tissur  I  In  m.iss  was  made 
iiilc   '^-grain  laMels  and  (piicklv  (Irierl  at   i-hmm  imipcrature 

l':ail\  ill  llir  work  it  wa->  ,ipp.ii<iii  ih.ii  ili.  in..i.  iiiKmg 
re:Mlll-  were  iMiiiL;  <.|.|,iiiir.I  frmn  iIh  .inuii.il  I.. I  willi  pmcal 
SUlistanrc     finin    i.itllr     nnl     li.n  ini;     m  ,,,  licl     ,,,|nll     l.lc  M|m,|  . 

were  then  made  In  e-laltlisli  iiuaiil  il.ilnch  llic  ,hli\il\  and  llie 
irlrnlil\-  nf  the  xaiinns  expei  iiiiciilal  Inis  nj  imihmI  pitp, (rations  l)\ 
emplnvmg  the  methods  eommonly  iiscil  m  irini!;  tin  .niivity  nf 
rndnerinous  derivatives.  Altlmugh  eei  l.iin  .  ,n  din\  ,1..  nl.ii  rhangcs 
regulnrlv  ffillnw  ihr  inlraxenniis  a«liiiiiiis|  1  .il  mii  nj  pined  cxtlat  1-^ 
In  dng^.  the  cvhiii  "|  ihcse  changes  is  i\nl  .1  mh.i.iiic  ni  llic 
,i(ti\il\    of  tjic  I'l.iiid  a-  a  sliiimlator  nf  gmwili 

(In  ihc  li\pntli(M'>  that  preeocinus  d«'\  iIo|inirni  1.  dm-  to 
hvpnpinealism.  tln'  lii-l  worK  \\;i^  done  in  anliiipatinii  lliat  feed 
ing  wnidd  retanl  di\  tlnpnicnl  and  pmliau;  tli«'  pirMMi.d  life. 
This  was  heguii  on  I  w  o  .  huK  .  nit  iiltaled  in  iln  I.iImm  ,iioi  \  I'.c 
ginning  at  the  age  nl'  tun  d,i\  .  onr  wa'^  Inl  l(i  in^.  wal  pineal 
tissue,  lliiee  times  weekly,  ihr  ollui  (  ami  in  .ill  1  ases  nf  cnnlrnls  ) 
was  fed  a  hlank  tablet  nf  milk  sn^^ai  The  dincimrc  in  growth 
slmnld  he  linled   (   I  .ihle    I  ) 

r  Ain.ii;  1     Hii;Hii,rH  av  rioKoiNO  imnicai,  01  ani»  m  ninuM 
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were  so   striking  that  at  once   work    was   instituted  in   a   more 
extensive  way. 

A  lot  of  fifty  guinea-pigs  in  the  second  week  of  life  was 
selected  and  divided  into  test  and  control  groups.  The  test  pigs 
were  fed  daily  10  mg.  veal  pineal  tissue.  The  controls  were  fed 
a  J/2-grain  milk-sugar  tahlet.  Other  conditions  for  the  two  lots 
were  identical.    The  results  obtained  are  given  in  Table  2. 

TABLK  2. -RESULTS  OP  FEEDING  PINEAL  GLAND  TO  YOUNG  GUINEA-PIGS. 


Control.  25  Pigs. 

Pineal.  25  Pigs. 

Average  Initial  Weight 

■2.J1  2  gm. 

.\verage  Initial  \\  eight,  201^  gm. 

Age.  2  Weeks. 

-Age,  2  Weeks. 

Weeks. 

Aver.  Wt 
gm 

Gain, 
gm. 

Weeks. 

Aver.  Wt. 
gm. 

Gain, 
gm. 

198.7 

—2.5 

1 

213  2 

8.9 

220 

213 

2 

2368 

23  6 

226.8 

6.8 

3 

217.6 

10  8 

251 

24.2 

4 

273  2 

2.5.6 

265.3 

14  3 

5 

299.9 

26.7 

2«Ci.7 

0.4 

6 

3111 

112 

292.2 

265 

.338 

26  9 

3U6 

13.8 

8 

361.4 

234 

316.3 

10.8 

9 

365.5 

4.1 

10 

356.5 

40.3 

10 

410.8 

45.3 

.\verage  weii 

'ht   at   end  of  t 

enth 

Average  wei 

ght  at  end  of 

tenth 

week 

356.6  gm. 

week 

....  410.8 gm. 

201  2  gm. 

....  204.3  gm. 

.Average  gain 

155.4  gm. 

-Average  gaL 

Q 

....  2U6.6 

t 

77  0 

Gain,  per  ce 

nt 

100.0 

Excess  gain  of  pineals  ov  er  controls,  23  per  cent. 

This  excess  in  weight  of  pineal-fed  guinea-pigs  over  their 
controls  is  a  symmetrical  overgrowth.  There  is  some  increased 
adipose  tissue,  but  this  is  generally  distributed  and  not  localized 
in  any  one  region  of  the  body.  At  no  time  has  it  been  possible 
to  continue  this  excessive  growth  above  normal  adult  size.  A> 
the  animals  approach  adult  size  the  pineal  feeding  is  less  ettective 
and  after  full  maturity  is  attained  is  without  effect.  There  has 
been  no  tendency  to  gigantism. 

As  a  step  toward  determining  the  metabolic  ditterences,  quan- 
titative urinalyses  were  made  on  twenty-four-hour  composite  sam- 
ples of  urine  from  the  two  groups.'^  With  proper  regard  for  the 
numerous  other  factors  that  might  vitiate  the  results  obtained 
from  uninalyses,  there  is  a  suggestive  difference  in  the  two  urines 
as  may  be  seen  in  the  summary  given  in  Table  3. 


9.   I  am  under  obligations  to  Mr.   Lewis   Davis  for  these  analyses. 


TABLE  3. 

-SUMMARY 
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OF  . 

ANALYSIS  OF  L^RINES 

Pineal 

Control. 

Total  volume  collected  (21  bonm) 

187  cc. 

160  cc 

1019 

Total  solids 

Water 

Per  Cent. 

2^1 

97  49 

Percent. 
3.02 
96  98 

1.21 

1.37 

Total  nitrogen 

0628 

0.018 

0.872 
0.025 

Phosphoric  acid  ( as  1 2(-  5  > . . 
Calciam..                          . .     . . 

a065 

0.016 

0  043 
0.018 

o.oao 

O.OIS 

Alkalinity  .  as  NasCOs  • 

0.053 

0.037 

Chkks. — A  lot  of  fourteen  chicks  was  secured  at  the  age  of 
one  week.  At  so  early  an  age  sex  could  not  be  determined,  and 
the  lot  was  divided  into  test  and  control  groups  without  knowl- 
edge as  to  grouping  by  sex.  The  test  chicks  were  placed  on  veal 
pineal  tissue  for  one  week  with  a  resultant  greater  growth  than 
controls.  For  the  next  four  weeks  they  were  fed  pineal  tissue 
from  old  cattle,  without  gaining.  On  being  placed  on  the  original 
veal  preparation  the  test  chicks  again  grew  in  excess  over  controls. 

Dogs. — The  eighteen  dogs  employed  represent  four  litters. 
Infection  of  these  puppies  with  distemper  interfered  seriously 
with  the  weight  charts  of  these  animals.  So  long  as  infections 
could  be  kept  out  of  the  animal  quarters,  the  test  animals  out- 
grew the  controls,  but  the  wasting  from  infections  interfered 
seriously  with  average  results  over  prolonged  j)eriods.  It  was  in 
connection  with  puppies  that  some  differences  in  intelligence  were 
observed.  Xo  great  import  is  attached  to  these  observations,  but 
it  was  noted  that  the  pineal-fed  dogs  were  about  one  month  ahead 
of  the  others  in  their  habits.  They  were  the  first  to  leani  to  lap 
milk,  the  first  to  respond  to  a  call,  the  first  to  be  able  to  find  their 
way  back  to  the  kennel.  When  work  on  these  animals  was  dis- 
continued, only  the  pineal-fed  animals  were  in  demand  as  pets, 
and  those  choosing  them  did  so  without  any  knowledge  as  to 
differences  in  feeding.  Of  much  more  importance  as  regards 
increased  intelligence  are  the  favorable  results  reported  by  Berke- 
ley.*** who  administered  pineal  tissue  to  mentally  defective  chil- 
dren and  performed  Hinet  tests  as  a  criterion  of  mental  advance- 
ment. 

Precocious    Sexual    Dnrlof^mcnt.—A    group    of    forty-eight 


10     Berkeley:    Med.  Rec  .   New   York.  1914.  Uxxv.  il.l. 
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guinea-pigs  was  divided  into  test  and  control  lots.  There  was 
an  equal  number  of  males  and  females  in  each  lot,  but  the  males 
and  females  were  separated.  The  test  pigs  were  fed  veal  pineal 
tissue  in  U)  mg.  amounts  daily.  Feeding  was  begun  when  the 
animals  were  2  weeks  old  and  continued  for  nine  weeks.  The 
males  and  females  of  each  group  were  then  placed  together  in 
breeding-pens.  As  a  measure  of  any  difference  in  sexual  devel(Ji)- 
ment  it  was  thought  desirable  to  note  the  date  of  birth  of  young 
in  the  two  lots.  As  the  end  of  the  approximate  gestation  period 
approached,  these  animals  were  observed  as  to  the  date  of  giving 
birth  to  young.    All  except  two  of  the  pineal- fed  pigs  gave  birth 


Fig.    2. — Effect    on    growth    of    feeding    pineal-gland    tissi 
chick  was  fed  10  mg.  pineal  tissue  three  times  weekly. 

to  young  before  the  first  of  the  controls. t  Fourteen  days  elapsed 
between  the  birth  of  the  young  of  the  first  pineal-fed  pig  and  the 
hrsi  control  pig.  In  all  cases  the  }Oung  were  normal  and  in  no 
wise  different  from  any  other  young  pigs. 

COMMENT    AND    SUMMARY. 

In  the  foregoing  records  of  experiments,  it  may  be  observed 
that  some  of  the  changes  generally  attributed  to  deficiency  of 
pineal  secretion  may  be  produced  by  supplying  an  added  amount 
of  pineal  substance.     In  an  effort  to  reduce  to  rationality  these 


tin  a  second  series  of  fifty  guinea-pigs  observed  as  to  se.xual  differences,  the 
males  and  females  have  been  kept  together  from  birth.  Some  of  the  females  to  whom 
pineal  gland  tissue  has  been  fed  have  already  given  birth  to  young  and  many  others 
are  within  the  last  ten  days  of  gestation.  With  the  exception  of  one  pig,  the  control 
animals   evince   no   signs  of   pregnancy. 
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identical  findings  derived  from  two  opposing  sources,  the  so-called 
destructive  neoplasms  of  the  pineal  gland  on  the  one  hand,  and 
the  feeding  of  the  gland  on  the  other,  there  arise  two  possibili- 
ties :  First,  this  syndrome  may  appear  from  disrupting  the  gen- 
eral endocrinous  balance  from  cither  increasing  or  decreasing  the 
amount  of  pineal  secretion  available  for  the  body's  use.  These 
secondary  changes  in  the  other  endocrinous  glands  are  now  in 
the  course  of  investigation.  Second,  the  cells  of  the  neoplasms 
involving  the  pineal  gland  may  retain  some  of  the  metabolic  and 
other  functional  characteristics  of  the  normal  pineal  cell  from 
which  they  were  derived,  and  the  peculiar  body,  sexual  and 
mental  changes  in  patients  with  such  tuuiDrs  are  all  manifesta- 
tions of  increased  rather  than  decreased  pineal  activity.  One  of 
the  most  frequently  occurring  lesions  of  the  pineal  is  the  ade- 
noma,   anrl    llicrr    i-    alniiKlrnil    cxidciirc    llirit    at    linu"^    cells    of 


Fig.   3. — Effect   on   giowtli   of   guinca-piMS   i)r<)(lucctl    by   feeding   piiu-al-glaiid    ti»;R. 
Control  pigs  to  left,  test  pigs  to  right. 

adenoma  funclionale  afler  llic  manner  of  the  cells  irmn  which 
they  arise.  In  adenoma  of  the  liver  in  cases  reported  l)\  W  eber." 
Rolleston,^-  Wheeler"  and  Ribberl,"  distinct  bile  secretion  by 
tumor-cells  has  been  [)ointed  out.  Kibberl  established  that  the 
bile  present  in  such  tumors  was  not  the  bile  of  icterus  from 
necrotic  liver-tissue  by  demonstrating  that  the  scirrhous  cncapsu 
lating  tissue  was  free  from  bile-stain  and  that  the  bile  was  con- 
fined to  the  liver-like  cells  of  the  active  tumor.  In  at  least  one 
case,  a  metastasis  in  the  lung  from  the  liver  secreted  bile.  In  this 
connection  it  is  significant  that  tin-  functionating  glandular  cells 
of  typical  thyroid  structure  ha\i-  l)cen  found  in  thyroid  melasiascs 
in   bone-tissue.      iMirlbermore,   in   myeloma  of   the   bone-marrow 


11.  Wcl.cr:    Proc.    Koy.   Soc.    Mid.    (Path.   Sec),    UMd, 

12.  Rr.llcston:   Diseases  of  the   Liver,  1905, 

\:i.  VVl.cclcr:   Guy's  Hosp.   Kep.,  1009,  Ixiii,  220. 

11.  KiM.irl:    Dcutscli.  lucH.  Wchiischr.,   1900.  xxxv,   KJii 


llie  cxtoplasni'"'  of  the  tunior-cclls  contain  the  <,M-anules  that 
characterize  normal  myelocytes,  that  is,  the  tumor  to  a  certain 
extent  assumes  the  function  of  the  bone-marrow  .  All  considered, 
it  is  perceived  that  functional  activity  of  tumor-cells  is  not 
infrequent.  Germane  to  the  present  contention  is  the  statement 
by  Hinds  HowelP"  in  describing  the  characteristics  of  the  cells  of 
the  pineal  tumors  of  his  three  cases.     He  says  : 

A  noteworthy  feature  is  tlic  similarity  of  these  tumor-cells  in  many 
instances  to  those  <if  the  normal   pineal  gland. 

The  results  of  this  work  lead  mc  to  the  conclusion  that  the 
administration  of  minute  quantities  of  pineal  tissue  from  young 
animals  to  }oung  animals  stimulates  rapid  growth  of  the  body, 
but  not  beyond  normal  size.  Also  there  are  less  well-established 
indications  of  precocity  of  mental  and  sexual  development. 


1,-).   Weber  and   Ledingham:    Proc.   Roy.    Soc.   Med.    (Path.    Sec.),   ]90!),    ii,   206. 
16.   Howell,  Hinds:   Pioc.    Rny.   Soc.   Med.    (Neurolog.   Sec),    1910,   iii.   65. 


THE  SERO-ENZYME  TEST  FOR  SYPHILIS* 

V.    W.    liAESLACK,    MAX,    M.A.,    DETROIT. 

Througli  tlie  i)arenteral  incor])oration  of  foreign  or  changed 
protein  into  tlie  organism  we  may  observe  the  formation  of 
enzymes  in  the  l:)lood  of  the  l)ody.  These  enzymes  do  not  occur 
in  the  l)lood  normally,  but  their  presence  is  contingent  on  the 
entrance  of  l:)lood- foreign  suljstances.  Conversely  we  are  able 
to  prove  the  occurrence  of  these  enzymes  in  the  blood  by  dialvz- 
ing  such  serum  against  the  protein  which  gave  rise  to  the 
enzymes. 

The  formation  of  these  enzymes  may  be  stimulated  in  the 
experiment  at  the  will  of  the  investigator,  or  it  may  take  place  in 
diseases  of  infectious  origin,  when  the  organisms  themselves  or 
the  products  of  their  action  on  the  cells  of  the  body,  or  both, 
are  swept  into  the  blood-stream  and  there  cause  the  development 
of  ferments  which  are  capable  of  breaking  up  the  complex  for- 
eign substances  into  their  simpler  non-specific  component  parts, 
which  are  either  assimilated  or  thrown  ofif.  In  this  respect  the 
normal  and  abnormal  functions  of  the  body  differ  cjuantitativelv 
— for  while,  under  normal  conditions,  the  cells  of  the  body  split 
the  complex  specific  molecules  into  simpler  non-specific  parts, 
there  is  added,  under  certain  conditions,  either  physiologic  or 
l^athologic,  the  action  of  the  ferments  present  or  increased  in 
the  blood-serum  which  have  the  same  function,  namely,  to  split 
specific  bodies   into  their  non-specific  components. 

The  work  of  Abderhalden  has  called  attention  to  the  forma- 
tion and  action  of  these  ferments  in  pregnancy,  in  the  course  of 
which  either  chorionic  epithelium  or  the  products  of  the  active 
metabolism  as  occurring  in  the  syncytium  may  find  their  wav 
into  the  blood-stream.  Later  Abderhalden  extended  his  investi- 
gations to  the  diagnosis  of  neoplasms. 

The  controversy  concerning  the  a])])licability  of  the  dialxzing 


*  Read    before    the    Section    on    Dermatology   at    the    Sixty-Fiflh    Annual    Session    of 
the   American   Medical   Association,    Atlantic   City,   N.   J.,   Tune,   1914. 
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method  for  diagnostic  purposes  has  found  a  fertile  field  in  the 
sero-enzyme  reaction  for  cancer,  and  a  large  number  of  observa- 
tions have  been  made,  which  speak  against  the  reliability  of  this 
method  of  diagnosis  in  this  disease.  As  far  as  it  has  been  possible 
to  determine,  the  failures  may  be  due  to  a  variety  of  causes,  aside 
from  possible  errors  in  technic. 

It  is  practically  impossible  to  obtain  cancer-tissue  free  from 
the  connective-tissue  stroma.  The  reaction  for  connective  tissue 
is  the  same.  This  may  be  the  reason  why  certain  serums  give 
positive  reactions  in  other  conditions  than  those  clinically 
apparent.  As  the  cancer  invades  an  organ,  there  is  usually 
degeneration  of  the  neighboring  tissue-cells  and  a  consequent 
occurrence  of  protective  enzymes  in  the  serum  of  the  patient 
against  this  cell  protein.  In  addition,  the  cancer-cell  may  retain 
traces  of  the  functional  activity  of  the  tissue  from  which  it 
originated.  Finally,  the  occurrence  of  protective  enzymes  in  the 
serum  is  dependent  on  the  breaking  up  of  tissue  in  the  blood 
and  on  the  resorption  of  such  broken-down  tissue.  Thus,  an 
actively  growing  neoi)lasm  may  not  give  off  cancer  protein  at  all 
or  may  give  it  in  such  small  quantities  that  the  enzymes  directed 
against  it  are  not  demonstrable.  For  these  reasons  the  choice  of 
the  sero-enzyme  diagnosis  for  neoplasms  may  not  have  been  a 
happy  one  to  bring  the  conflicting  conclusions  into  any  relation. 
The  use  of  homologous  cancer-tissue,  that  is,  tissue  from  patients 
who  had  the  new  growth  in  the  same  relation  as  that  of  the 
suspected  patient,  may  possibly  shed  some  light  on  this  line  of 
work.  At  least  these  contradictory  results  are  no  reason  for 
e.xcluding  this  method  of  diagnosis  from  all  clinical  application. 

The  extraordinary  significance  of  the  work  of  Abderhalden 
from  a  clinical  and  ])urely  scientific  ])oint  of  \  icw  should  be  a 
stimulus  to  further  research  to  determine  the  factors  which 
have  given  rise  to  these  divergent  results. 

The  infectious  diseases  olVcr  a  more  ])r()Uiising  tuld  for  ihi,- 
line  of  investigation,  since,  in  the  course  of  such  diseases,  the 
causative  organisms  find  their  way  into  the  circulation  and  there 
give  rise  to  the  protective  enzymes  cajjable  of  digesting  them. 
Aside  from  this,  we  have  in  syphilis  a  disease  simulating  many 
other  conditions  in  wliirh  ctll  ])r(ilifcratioii  and  destruction  occur. 
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so  that  the  resorption  of  these  broken-down  foci  by  the  blood  will 
further  stimulate  the  formation  of  enzymes  against  the  proto- 
plasm of  the  cells  undergoing  degeneration  as  the  result  of  the 
presence  of  the  Spirochceta  pallida  in  the  body. 

Two  hundred  serums,  obtained  mostly  from  patients  of  the 
outdoor  clinics  of  St.  Mary's  Hospital,  form  the  l)asis  for  this 
investigation.  While,  in  a  previous  paper,^  the  majority  of  serums 
tested  were  obtained  from  known  syphilitics,  it  has  been  mv  aim 
in  this  work  to  test  serums  of  patients  suffering  from  various 
complaints  to  determine  the  extent  to  which  this  reaction  could 
be  relied  on  as  a  diagnostic  means. 

The  technic  followed  in  the  course  of  this  work  has  been  the 
same  as  was  employed  for  the  fifty-five  cases  already  reported. 
The  tissue  employed  was  the  same,  namely,  the  "gummas"  result- 
ing from  the  inoculations  of  syphilitic  tissue  or  blood  into  the 
testes  of  rabbits.  These  lesions  become,  in  the  course  of  a  few 
transplantations  from  rabbit  to  rabbit,  free  from  secondary  infec- 
tion. They  are  practically  non-vascular  and  contain  the  Spiro- 
chceta pallida  in  large  numbers. 

Tissues  from  syphilitic  patients,  such  as  condylomas,  gummas, 
etc.,  are  usually  secondarily  infected  and  very  vascular,  for  which 
reasons  they  are  not  suitable  as  tissues  for  the  sero-enzyme 
reaction.  The  testicular  tissue  which  has  undergone  mucoid 
degeneration  due  to  the  presence  of  the  Spirochceta  pallida  is  of 
special  advantage  in  the  sero-enzyme  test  in  that  we  are  making 
use  of  a  highly  specialized  tissue,  against  which  protective 
enzymes  are  not  likely  to  be  found  in  the  serum  of  patients. 
Thus  the  sero-enzyme  test  becomes  a  specific  biologic  test  for 
the  diagnosis  of  this  disease.  While  the  Wassermann  reaction 
is  a  valuable  aid  in  the  diagnosis  of  syphilis,  the  principles  under- 
lying this  reaction  are  not  yet  understood  after  years  of  investi- 
gation and  general  use. 

Table  1  gives  the  clinical  diagnosis  as  well  as  the  serologic 
findings  of  the  two  hundred  cases. 

Eighty-five,  or  43.5  per  cent,  of  the  entire  number  of  cases 
gave  a  history  of  specific  infection.  Table  2  gives  the  number 
of  each  case  as  well  as  the  serologic  findings. 

1.     Baeslack,   F.   W. :   A.    Sero-Enzynie   Diagnosis   of   Syphilis,   The   Journal  A.    M. 
A.,   March   ?S,   1914,  p.    1002;   Urol,  and  CulaM.   Kcv  ,  May,   1914,  p.  234. 
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TABLE    2 
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32 

+  + 
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7 
+  + 


+  + 

119 

Tertiary: 
12 
+  + 
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+  + 
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-SEROLOGIC    FINDINGS    IN    85    CASES    WITH 
TORY    01-    SPECIFIC    INFECTION* 


3 

0  + 


54 

±  + 


130 

-^0 


28 


10 
0  + 


120 
00 


21 

+  + 


89 

+  + 


40 


11 


132 

+  + 


45 

+  + 


50 

+  + 


155 
00 


56 


91 


186 


64 
0  + 


172 
0+ 


18 

+  + 


179 

0  + 


62 

+  + 


63 

+  + 


100 

+  + 


2 
+  + 

8 

13 

-f  ± 

14 

+  + 

23 

+  + 

26 

30 

35 

+  + 

37 

+  + 

41 

57 

92 

4-  + 

98 

127 
0  + 

131 

00 

144 

+  4- 

147 

163 

-f  + 

171 

+  + 

173 

0  + 

174 

192 

Cerebral  Lues 
4 

+  + 

33 

+  + 

43 

+  + 

ol 

70 

+  0 

Sp.  f. 

93 

+■  + 

Tabes: 
46 

+  + 

49 

+  + 

94 

+  + 

105 

+  + 

107 
+  + 

109 

+  + 

114 

sV,. 

123 
+  0 

sT.f. 

Congenital  syphilis: 
+  + 
95 
*  The  designation   to  the  left  indicates  the  findings  with   the  Wasser- 
m.'iin  reaction;  to  the  right  the  result  of  the  sero-enzynie  test. 

Table    '■')    ^i\es    the    arrangement    of    these    eighty-h\e    cases 
accorchnt^f  to  the  serologic  findings. 


TAHLE   3.— ARRANGEMENT  OF  85   CASES   WITH    HISTORY   OF 
SPECIFIC    INFECTION    ACCORDING    TO    THE    SERO- 
LOGIC   FINDINGS' 
No.  of  Cases  Percentage        VVassermann  Reaction     ScroEnzyine  Test 

62    72.94  +  + 

5    5.88  4-  — 

7    8.23  —  + 

8    9.41  —  — 

1    1.16  ±  + 

2    2.32  —  ± 

*  In    this    table    -+-    =    positive;    —   negative;    ±    doubtful. 

Out  of  the  li\e  cases  which  ga\e  a  positixe  W'assermann 
reaction  and  a  negative  sero-cnzynie  for  syi)hilis,  three  were 
cerehrospinal   thiid   which   docs  not   c-ontain   enzymes — Cases  70, 
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114,  1"^3.  The  seven  cases  giving  a  negative  Wassermann  reac- 
tion and  a  positive  sero-enzyme  syphilis  reaction  were,  3  in  the 
primary,  1  in  the  secondary,  1  in  the  tertiary,  and  2  in  the  latent 
stages  of  syphilis.  Case  54,  primary  chancre,  gave  a  doubtful 
W'assermann  reaction  and  a  positive  sero-enzyme.  Cases  13  and 
1^"2,  also  primary  chancre,  gave  a  negative  Wassermann  reaction 
and  a  doubtful  sero-enzyme  reaction  for  syphilis. 

TABLE  4.— ARRANGEMENT  ACCORDING  TO  SEROLOGIC  FIND- 
INGS  OF    115   CASES   IN   WHICH   THE   SPECIFIC 
HISTORY  WAS  NEGATIVE 

Sero-Enzyme 
Number  Percentage  Wassermann  Reaction         for  Syphilis 

31    26.95  +  -\- 

23    20.00  +  — 

13    11.3  —  -I- 

44    38.26  —  — 

4. 3.47  -I-  ± 

Out  of  the  115  cases  giving  no  history  of  specific  infection. 
24  presented  clinical  symptoms  of  the  disease. 

In  summarizing  the  findings  of  Table  5  we  find  the  Wasser- 
mann reaction  positive  and  sero-enzyme  reaction  positive  in  12 
cases  or  50  per  cent;  Wassermann  reaction  positive  and  sero- 
enzyme  reaction  negative  in  3  cases  or  12.5  per  cent;  Wasser- 
mann reaction  negative  and  sero-enzyme  reaction  positive  in  8 
cases  or  33.33  per  cent ;  Wassermann  reaction  negative  and  sero- 
enzyme  reaction  negative  in  1  case  or  4.16  per  cent. 

The  3  cases  giving  a  positive  Wassermann  reaction  and  a 
negative  sero-enzyme  syphilis  reaction  include  2  cases,  that  is. 
Cases  4  and  12,  in  which  spinal  fluid  was  tested.  The  cerebro- 
spinal fluid  does  not  contain  the  protective  enzymes.  The  S 
cases  giving  a  negative  Wassermann  reaction  and  a  positive  sero- 
enzyme  syphilis  reaction  were  :  2  cases  of  primary  syphilis  (Cases 
no  and  195),  1  secondary  (Case  197),  2  latent  (Cases  19  and 
25),  2  had  syphiHtic  ulcers  (Cases  38  and  194),  and  1  case  of 
tal)es  (Case  122).  Aside  from  the  12  cases  found  to  be  positive 
to  the  W'assermann  reaction  and  sero-enzvme  test  for  syphilis 
in  the  series  clinically  syphilitic,  19  others  were  found  among  the 
remaining  91  whose  serums  reacted  positive  in  both  tests,  or 
10.52  per  cent. 

Of  the  4  cases  giving  a  ]:)ositive  A\'assermann  and  a  doubtful 
sero-enzyme  reaction.  Case  1  12   gave  a  single  positive   Wasser- 
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mann  while  the  remaining  3  gave  double  positive  results.     These 
latter  3  patients  may  be  suffering  from  specific  infection,  although 
no  clue  to  it  could  be  elicited  in  their  history. 

TABLE     3— CASES     IX    WHICH     SPECIFIC     IXFECTIOX     WAS 
DEXIED,    DIAGXOSED    CLINICALLY    AS    SYPHILIS 


Alopecia  areata,  gastric  disturb 

Alopecia  areata    

Aphasia,   1,   side  of   face 

Blindness  in  right  eye,  Sp.  fluid.  .  .  . 

Cerebral   lues   

Gumma  of  testes  

Latent,  husband  known  to  be  syph. 

Latent,   child   syphilitic    

Macroglossia    

Necrosis  of  toes   

Palmar  syphilide   

Paresis  Sp.  fluid    

Primary  lesion    

Primary  lesion   

Primary  lesion   

Retinitis    

Secondary   syphilis    

Secondary   syphilis    

Secondary  syphi'is    

Syphilitic  ulcers  on  legs   

Syphilitic  ulcers  on  legs  

Syphilitic  ulcers  in  nose  and  throat. 
Syphilitic  ulcers  on  right  tonsil  .  .  . 
Tabes  


58 
86 

+  4-  + 
+ 

4- 
+ 

106 

+  + 

+ 

lU 

+  +  + 

— 

20 

+  + 

-1- 

S 

+  +  + 

4- 

19 

4- 

2.S 



4- 

1.S2 

+  + 

4- 

104 

+  + 

4- 

156 

+  + 

4- 

198 

+  +  + 

66 

4- 

184 

— 

195 



4- 

39 

-^  +  4- 

73 

4-  + 

4- 

101 

+  + 

4- 

197 

4- 

,38 

— 

4- 

60 

+  4-  + 

4- 

165 

4-4-4- 

4-- 

194 

4- 

122 

— 

4- 

TABLE     6.— WASSERMANN     REACTION     AND     SERO-ENZYME 

TEST    POSITIVE    IN    CASES    IN    WHICH    SPECIFIC 

INFECTION    WAS    DENIED 


Anemia   I 

Arthritis   I 

Epilepsy    

Epithelioma  of  tongue   

Gonorrhea    

Headache   . 

Mitral  and  aortic  regurgitation   

Pain  in  shoulder   ] 

Pelvic  pain 

Pleurisy    I 

Tuberculosis    | 

Uncontrollable  shaking  of  hands   - 

Visceral   Ptosis   \ 


71 
141 

78,  196, 

200 

44 

87,  143, 

178 

6, 

102 

115 

77 

96 

27 

52, 

li6 

<) 

53 

WASSER.MAXN     REACTION     POSITIVE,     SERO  EXZY.ME 
DOUBTFUL 


1 

2 

Blindness    (total)    

Coryza    

Dizziness    . 

1 
1 
1 
1 

103 
76 
111 

4 

Ulcerative  condition  of  the  toes 

142 

4 

201 


The  W'assermann  reaction  was  positive  and  the  sero-enzyme 
test  for  syphilis  negative  in  20  out  of  115  cases,  or  17.39  per 
cent.  It  is  interesting  to  note  that  9  cases  of  tuberculous  condi- 
tion in  Table  T  gave  a  positive  Wassermann  reaction  which, 
though  faint,  was  distinct.  Tuberculosis  is  capable  of  giving  a 
positive  Wassermann  reaction.  If  we  subtract  the  9  cases  of 
tuberculosis  in  Table  7  and  Case  161,  cancer  of  the  throat,  we 
have  left  10  cases  which  possibly  might  be  syphilitic. 


TABLE     7.— WA.SSERMANN     REACTION     POSITIVE, 
ENZYME  TEST  NEGATIVE 


Case  1             No. 

1 

2 

Asthma    

1    !                       160 
1     1                         161 

1     !                         190 

4 

1     1                         ISO 

5 
6 

7 

Lupus  vulgaris    

Pai?i   in   arms  and   legs,   elbows,  wrist    .... 

3           74,   164,   189 
1                             14S 

8 

1                               48 

9 

Tuberculosis        .            .            ...          

9        123,   128,   134. 

138,   139,   140, 

151,   176,   183 

1                             117 

20     , 

i 

Six  serums  of  patients  suffering  from  the  conditions  indi- 
cated in  Table  8  gave  a  negative  Wassermann  reaction  and  a 
positive  sero-enzyme  test. 


TABLE   8.— WASSERMANN   REACTION   NEGATIVE,  SERO- 
ENZYME  TEST  POSITIVE 


Case 

No. 

1 

i 

175 

Frozen  foot  refusing  to  tr-al        

75 

^ 

191 

4 

Mixed   Infection   (Gon.)    

51 
169 

6 

67 

Out  of  the  remaining  42  cases,  36,  or  39  per  cent,  were  both 
negative  for  Wassermann  reaction  and  the  sero-enzyme  test  for 
syphilis.  The  clinical  condition  of  these  cases  is  given  in 
Table  9. 


202 


TABLE  9— SPECiriC  INFECTION   DENIED.     WASSERMANN 
REACTION    AND    SERO-ENZYME    TEST    NEGATIVE 


Acne  rosacea    

Black-water   fever   

Burn    Sec.    Degree    

ChancroiJ    

Corvza    

Diabetes    

Epilepsy 

Exostosis  on  head 

(lonorrhea     

Goiter    

Headache  

Injury  to  head    

Normal 

Ozena,    erosion   of   nose 
Pain  in  arm  and  legs  .  . 

Pregnancy     

Pleurisy    

Run  down  condition   .  .  . 

Saddle  Nnse 

Sore  Ihro.-it   

.Stomatitis    

Stomach  -trouble    

Tui)ercuJosis    


L'lcers  on  1.  arm  and  fingers  .... 
Ulcer  on  forehead  (Epithelioma?) 
Warts  on  arm  and  hands 


85. 
133, 
150, 


\2A 

31 

16(. 

36 

34,   l-'O 

84 

81 

116,   129,   177 

29,   145 

18S 

126,   158,   168 

83 

47 

146 

181 

154 

121 

55 

170 

182 

88,   108,   USi 

135,   137,   149, 

187,   188 

8' 
157 
167 


SUMMARY. 

1.  In  c-ondusioii  1  would  i)()iiit  out  that  the  sero-ciizynie 
test  for  syphilis,  when  carried  out  with  syphilitic  testicular  tissue, 
is  probably  a  specific  reaction,  since  the  somatic  cells  are  highly 
specialized.  ])resup])Osing  a  specific  en/.\nic  for  their  cleavage. 
Thus,  in  the  use  of  the  gumma  produced  in  rabbits  by  inocula- 
tion, we  make  use  of  a  substratum  which,  when  tree  t'loni  con- 
tamination, is  superior  to  tissue  ])repared  from  the  tissue  of 
syphilitic  patients,  which  of  necessity  is  contaminated  and  is 
likel}'  to  give  rise  to  ]jositi\e  reaction  in  other  conditions. 

2.  The  reaction  is  not  applicable  in  cases  in  which  cerebro- 
spinal fluifl  is  to  be  tested. 

'.'>.  The  reaction  is  more  specifu-  than  lln'  W  asscrmann  reac- 
tion, for  it  has  always  given  a  positive  reaction  with  the  serum 
of  tabetics,  while  the  Wassermann  reaction  in  this  condition  is 
negative  in  about  K)  per  cent  of  cases.  1  would  also  point  out 
the  nine  cases  of  tuberculosis  which  ga\e  a  i)ositi\e  Wasser- 
mann reailion  allhoiigb  no  sign  of  s\philis  could  be  found  in  any 
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of  these  patients.  The  specificit}-  of  the  test  is  further  shown  in 
the  eight  cases  giving  a  negative  Wassermann  reaction  and  a 
positive  sero-enzyme  test  (Summary  of  Table  5). 

4.  The  technic  of  the  reaction  demands  cleanHness  and  careful 
control  of  shells,  tissue,  serum,  and  the  carrying  out  of  the 
ninhydrin  reaction.  As  one  becomes  acquainted  Avith  the  test 
one's  confidence  in  it  increases. 

5.  The  sero-enzyme  test  for  syphilis  represents,  with  the 
exceptions  indicated,  a  true  biologic  test  for  this  disease. 

81543 


A   CASE   OF   CONTAGIOUS    BRONCHO-PNEU- 
MONIA CAUSED  BY  BACILLUS  COLI 
COMMUNIS.* 

By  Edwin  'M.  Stanton,  Detroit,  Mich. 

Hutyra  and  Alarek^  state  that  Enzootic  Pneumonia  of  young 
animals  is  caused  by  the  Bacillus  bipolaris  septicus  or  its  varieties. 
However,  cases  are  on  record  where  the  disease  has  been  due  to 
an  infection  with  the  Bacillus  pyogenes,  the  Streptococcus  pyo- 
genes, and  by  the  bacteria  of  the  colon  group.  It  is  further  stated 
that  in  other  enzootic  diseases,  as  white  scour  and  dysentery  of 
sucklings,  contagious  broncho-pneumonia  occurs  as  a  secondary 
infection.  E.  Wallis  Hoare-  says  that  broncho-pneumonia  is 
caused  by  a  variety  of  organisms ;  the  bipolaris  being  the  most 
common.  He  states  that  the  Bacillus  coli  communis  produces 
broncho-pneumonia  as  a  secondary  infection  of  white  scour,  and 
in  the  chapter  upon  white  scour'  it  is  stated  that  the  lung  affec- 
tion follows  as  a  complication. 

The  statements  of  these  two  authors  are  exceedingly  interest- 
ing. They  show  that  it  is  possible  for  animals  aiTected  with  a 
contagious  intestinal  disease  to  infect  other  animals  with  the 
organisms  causing  that  intestinal  disease,  and  that  the  latter 
animals  may  manifest  entirely  ditTerent  symptom  complex  than 
that  which  existed  in  the  animals  primarily  infected.  The  dis- 
ease produced  in  the  secondarily  infected  animals  may  involve  a 
different  anatomical  system.  In  this  way  a  secondary  disease  of 
a  highly  contagious  nature  is  introduced  into  a  herd.  In  other 
words,  we  have  an  organism  such  as  Bacterium  coli  communis, 
that  is  capable  of  producing  in  the  animal  economy  two  highly 
contagious  diseases  of  a  different  nature. 

During  November  of  1913,  a  section  of  lung  was  sent  to  this 
laboratory  by  the  late  Doctor  Frederick  II.  Osgood,  of  Boston,. 
Mass.,  with  the  request  that  a  diagnosis  be  made.  The  history  ac- 
companying the  specimen  stated  that  the  specimen  was  from  a  six 
months  old  calf,   which   had   died,   exhibiting   symptoms   before 
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death  of  a  disease  which  had  affected  40  other  calves  upon  the 
premises,  resuhing  in  the  death  of  these  animals. 

The  symptoms  as  stated  were  as  follows :  Elevation  of  tem- 
perature, discharge  from  the  mucus  membranes  of  the  e3^es  and 
nostrils,  loss  of  appetite,  emaciation  and  respiratory  disturbances, 
and  death.  It  was  stated  that  the  disease  occurred  after  the  intro- 
duction into  the  herd  of  some  thoroughbred  Jerseys. 

Gross  Pathology. — The  surface  of  the  lung  tissue  was  green- 
ish in  color,  roughened  and  covered  with  round  and  oval  nodules 
about  the  size  of  a  small  pea.  'I'he  nodules  were  soft,  and  when 
pressed  a  thick,  creamy  pus  exuded.  Upon  cutting  into  the 
tissue  the  cut  surface  was  of  a  dark  red  color.  From  the  section 
of  tissue,  pus  exuded.  The  tissue  was  heaxier  than  water  and 
non-crepitant. 

Bacteriological  ll.vaiiiinatioH. — Smears  from  the  pus  were 
made  and  when  stained  rt'\  ealed  a  few  streptococci  and  numerous 
short  bacilli. 

Agar  plates  were  made  from  the  pus  in  the  usual  way.  One 
set  was  incubated  aerobically,  the  other  anaerobically.  After  24 
hours  incubation  both  scries  of  ])lates  contained  many  colonies  of 
bacilli.  Xo  colonies  of  streptococci  nor  sta])h\l()C()Cci  were  ob- 
served on  either  set  of  plates. 

Subcultures  were  made  upon  plain  agar  slants  and  incubated 
18  hours.  Microscopical  examination  showed  that  the  cidtures 
consisted  of  a  short  bacillus.  The  organism  was  then  transferred 
to  differential  media  consisting  of  agar  slant,  plain  agar  deep, 
glucose  agar  deep,  plain  bouillon,  plain  and  litmus  milk,  gelatin, 
potato  and  fermentation  tul)es  of  glucose,  lactose  and  saccharose. 

De-SCRII'tfox  (ii-  <)K(,.\\isM. — M Or pliological  characteristics. 
— A  short,  plump  inntilr  rod.  wliich  is  gram  negative,  and  does 
not  form  s])ores. 

('ulliirnl  Cliaraclrrislics.  Plain  agar,  a  translucent,  raised, 
moist  grow  til  with  \\a\y  margins. 

Deep  .Igiir.  Tran.slucent,  conlluent  colonies  along  line  of 
stab,  and  (;n  the  surface  abo\e  the  entrance  of  stab  the  growth 
raised  and  slightly  grayish.  A  I'lw  g.is  bubbk's  obserxi'd  in  the 
body  of  the  medium. 

Glucose  .Igar  neep.--'\''W  gidwlh  the  same  as  in  agar  deej). 
.Medium,  broken  by  gas  formation. 


Plain  Bouillon. — Cloudx'.  viscid  sediment  fcjrnied  at  the  bot- 
tom.    .V  fecal  odor  was  noticeable. 

Plain  Milk. — Coagulated^ not  digested.  Litmus  Milk. — Acid, 
coagtilated.  Gelatin. — Not  li(|uitied.  Confluent  colonies  along 
line  of  puncture. 

Potato. — Cirayish  white,  glistening  growth.  Glucose  Bouillon. 
— 5  ccm.  of  gas,  acid.  Lactose  Bouillon. —  I  ccm.  of  gas,  acid. 
Saccharose  Bouillon. — 3  ccm.  of  gas,  faintly  acid.  Durham's 
Peptone  Solution. — Indol  formed. 

From  the  cultural  and  morphological  characters,  the  organism 
was  identitied  as  Bacillus  coli  communis. 

From  the  pathological  condition  of  the  section  of  lung  sent 
in,  it  was  evident  that  a  pneumonic  condition  existed.  The  symp- 
toms stated  pointed  to  a  broncho-pneumonia,  and  from  the  bac- 
teriological findings  it  appeared  that  the  Bacillus  coli  communis 
was  the  causative  agent. 
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LOCAL  ANESTHETICS  —  SOME  COMPARATIVE 
PHYSIOLOGICAL  REACTIONS. 

Oliver  E.  Closson,  Ph.B.,  Detroit,  Mich. 

(From  the  Research  Laboraiory  of  Parke,  Davis  &  Co.) 

The  search  for  cocaine  substitutes  has  brought  out  many  local 
anesthetics  of  decided  merit  and,  for  certain  uses,  preferable  to 
cocaine.  In  ophthalmic  work  or  the  anesthesia  of  unbroken 
mucous  surfaces,  cocaine  is  still  the  local  anesthetic  generally 
used.  According  to  Buckley,  it  has  scarcely  a  rival  in  any  field; 
others  (1)  extol  some  other  of  the  local  anesthetics.  For  par- 
enteral injection,  there  is  little  uniformity  of  opinion  as  to  the 
best  local  anesthetic — in  fact  this  is  dependent  upon  the  results 
desired,  long  or  short  anesthesia,  rapidity  of  action,  after  period 
of  numbness,  etc.  If  it  is  desired  to  block  impulses  along 
nerves  or  to  act  as  an  ordinary  local  anesthetic  largely  on  the 
nerve  ending,  then  different  anesthetics  may  be  desired,  as  also 
when  some  of  the  side  reactions  as  contraction  of  the  capillaries, 
absence  of  vasoconstrictor  power,  or  the  interference  with  the 
hemostatic  action  of  adrenalin  (2)  must  be  considered. 

A  great  many  investigators  (3)  have  already  contributed  to 
this  question,  but  in  view  of  the  conflicting  results.  Dr.  E.  i\I. 
Houghton  has  suggested  that  the  more  meritorious  local  anes- 
thetics be  re-examined  if  only  for  corroboratory  purposes. 

The  large  mass  of  clinical  data  which  has  accumulated  upon 
local  anesthetics  is  of  little  help  in  understanding  the  value  of 
the  various  preparations,  as  it  is  always  aimed  to  employ  doses 
well  within  the  safety  zone,  and  as  the  degree  of  anesthesia 
above  a  certain  minimum  is  indeterminate.  It  is  in  fact  found 
that  much  smaller  doses  are  required  than  was  at  first  supposed 
necessary.  But  this  minimum  dose  or  concentration  is  always 
exceeded,  so  that  it  affords  but  an  uncertain  basis  for  studying 
comparative  relations.  Clinicians  look  carefully  at  the  toxicity  of 
a  preparation,  yet  a  failure  to  appreciate  the  significance  of  the 
toxicity  of  a  preparation  is  met  with  on  every  side.  It  is  not  the 
relative  toxicity  but  toxicity  relative  to  the  desired  activity  or 
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safety  factor,  not  only  with  local  anesthetics  but  with  other  drugs 
as  well,  that  should  be  considered.  Quinine  and  urea  hydro- 
chloride is  stated  to  be  nontoxic  (4).  Toxicity  tests  on  guinea- 
pigs  show,  however,  that  cocaine  hydrochloride  is  only  about  six 
times  as  toxic  as  quinine  and  urea  hydrochloride,  yet  there  is  no 
hesitancy  in  employing  a  ln-per-cent.  solution  to  do  the  work  of 
a  1-per-cent.  solution  of  cocaine  hydrochloride.  According  to 
test,  such  a  solution  of  quinine  is  nearly  twice  as  dangerous  as 
cocaine.  To  be  sure  this  is  based  on  the  toxicity  to  guinea-pigs, 
and  may  not  be  so  dangerous  for  man,  but  in  any  event  it  should 
not  be  looked  upon  as  absolutely  safe  even  if  familiarity  with 
quinine  has  bred  contempt.  Certainly  a  50-per-cent.  quinine  and 
urea  hydrochloride  solution  should  be  used  with  due  regard  to 
the  volume  injected. 

As  a  basis  for  comparison,  the  absolute  values  of  the  toxic 
and  irritating  properties  of  some  local  anesthetics  when  injected 
subcutaneously  into  guinea-pigs  were  determined  and  are  re- 
corded in  Table  1.  These  per  sc  have  no  value,  but  in  compari- 
son with  their  anesthetic  i)ower  are  or  should  be  the  principal 
determining  factor  in  the  acce])tance  or  rejection  of  a  local 
anesthetic. 

Considering  the  ])roperties  recorded  in  Taljlc  I.  they  take  the 
following  order  as  regards  desirability: 

Novocainc,  beta  eucaine.  quinine  salts,  tropacocaine,  stovaine, 
cocaine  and  alypin. 

The  irritant  properties  of  aly])in  place  it  last,  notwithstanding 
its  being  slightly  less  toxic  for  the  guinea-pig  than  cocaine,  also 
quinine  may  be  considered  less  desirable  than  tropa-cocaine  on 
account  of  its  irritant  action,  and  the  (|uinine  and  urea  hydro- 
chloride less  desirable  than  quinine  hydrochloride.  The  other 
substances  in  the  table  are  not  strictly  local  anesthetics  although 
they  act  as  such  on  the  motor  ner\c  of  a  frog. 

.MKTIIOl)  OF   COMI'AKINC.  A  N  i:s  I  1 1  i:il  (     ACTION. 

Anesthetic  acticjn  was  compand  in  two  ways,  by  the  degree 
and  duration  of  anesthesia  ])roduce(l  in  the  conjunctiva  of  a 
rabbit  by  drc^pping  the  solutions  in  the  eye,  and  by  the  character 
of  the  action  of  the  solution  upon  the  nerve  muscle  pre]»aration 


TABLE   I. 
Toxicity    to  Guinea    Pigs   When    Injected    Subcutaneously. 


Mprcurlo     rhlnrlilc 


Cocalnp    liyilro 

O.O.! 

rhlorlde  1   in  r.o  :.n<1 

0.04 

1     In     100    watpr 

solution 

O.Ofi 

o.o;t 

oUlorl(le)    1    In    lim 

0.04 

water  solution. 

O.OT) 

•0.06 

0.07 

Stovalne   (hydro- 

0.1 

chloride     1     In    :!o 

0.1. -i 

Tropflcooalnp  lij  ■ 
droclilorlde  1  In 
20  water  solution. 


Chloretouf      and 
Uretliane    equal 
parts    form    a 
liquid  sii.  cr.   1.: 


Quinine  an 
urea  li.vdro, 
Ide    1    in    1 


Fur     rough,     list- 
less,   weak. 

Congestion,    Infll- 
Iration       appears 
necrotic. 

Death  in  3  to 
4  days. 

Exeltable,       8pa» 
modlc         conful- 
slons   Death   thru 
failure    resp. 

Inflammation, 
very    slight. 

Death     in 
20   niln. 

Excitable       same 
picture    as     with 
cocaine.         Death 
by     failure    resp. 

Inflammation 
marked.    " 

Death     in 
1    honr. 

Similar       to      co- 
caine; very  rapid 
r,.nnlng         move- 
ments.   Death    by 
failure    resp. 

Marked       conges- 
tion. 

Death     in 
20  min. 

Convulsive  twitch- 
ings     much     like 
cocaine.  Death  by 
failure    resp 

Inflamed. 

Death     in 
20  mln. 

Prostrate        com- 
pletely   anaesthe- 
tized,   fur    rough. 

Large   infiltration 
with     congestion. 

Death     In 
about  24  hrs. 

Kxcited     incoor- 
dination,  spasmo- 
dic   convulsions. 

Inflamed     not     as 
large    Infiltration 
as  with   the  urea 
salt. 

Death     in 
about  24  hrs. 

Spasmodic 
convulsions. 

Inflamed  area  ap- 
pears     necrotic. 

Death     in 
1.5  to  .30  hrs. 

0.1 
0.25 
0.30 


olive    oil    i    in    20. 


solution. 

0.5 

•0.6 

0.7 

0.8 

rHrH-phcnyl-sulphonlc 

O.fi 

salt    of   etliyl    para- 

0.7 

amino  benzoate    1    In 

•l.o 

.-i0    water    solution 

1.3 

Ktliyl-para- 

1.0 

anilno-benzoate 

1.1 

In    olive    nil     1 

•1.2 

Convulsive 
twltchlngs 

Slight     inflamma- 
tion. 

I>eatb     In 
1    to   24   hrs. 

Prostrate,       com- 
pletely   anaesthe- 
tized. 

Considerable     In 
flammatlon. 

Death     In 
-.'.    to    48   hrs. 

Prostrate.       com- 
pletely   anaesthe- 
tized. 

Inflammation 
marked. 

I>eath     in 
.-.    to   :!6    hr«. 

Tremors    and 
twitching. 

Inflamed 
slightly. 

Death   within 
24     hours. 

Prostrati 
vulslve 
gles. 


Death  within 


Drowsy  no  strug- 
gles or  hyper 
sensitiveness. 


Infiltration  ratti- 
er inflamed  and 
necrotic  with  tlie 
large  doses. 


•Minimum   Lethal   dose. 

t.\    very   small   amount   of   hydrochloric   acid   was 

neutral   to  litmiTs.   no   trace   of  acidity. 


ifficient    to   bring   into   solution    which   was   practically 


TABLE  II. 
Table  of   Ophthalmic  Experiments  With  Rabbits. 


MATERIAL  per         Irritability  Recorded  in  Cm.  at  Which  .Secondary    Coil    Just    stimulated. 

INSTILLED        cent.     Control  Treated    Eye    After  Interval    of: 

IN'TO  EYE  sol.         eye        0  mln.  5  min.     10  mln.     15  mlo.  20  mln.  30  mln.  45  mln.  CO  mln. 


REMARKS 


Cocaine  hydro- 
chloride water 
solution 


Stov&lne   water 


Tropacocalne  hy- 
drochloride water 
.'solution 

Alypln  hydro- 
chloride water 
solution 

Beta  Eucalne 
hydrochloride 
water   solution 


c    salt    of 

p.    tninuhen 
water    «ol. 


Chloretone    In 


amino!  lenioate 


2.-?. 5 
22 

22.5 


20..'; 

21 

24.5 


22 
23.5 


21.5 
20.5 


20.5 
19.5 


21 
24 

24 

25.5 

27 

25 

21 
25.5 

22.5 

23 

23.5 

23.5 

23.5 

21.5 

21.5 

15 

22 

20 
21 

19,5 
21 

23 

22.5 

20,  2  hra. 
23.6.  2  hre. 
17.    2   hrs. 

22.  2  hrs. 
22,     2    hrs. 

21.  4     hrs. 


Pale,  then  slitrht  in- 
flammation, no  hy- 
persecretion. 


Very  sllRht  Inflam- 
mation, no  hyper- 
.secretlon. 

No     inflammation. 
ver>-   slight 
hypersecretion. 


Marked  congestion, 
hut  less  than  above, 
mid  hypersecretion. 

Normal. 
Congestion. 


•The  monochloride  with  just  sufficient  hydrochloric  acid  to  bring  into  solution  (reaction  neutral  to 
litmus.) 


of  the  iro^.  'J"lii.s  data  on  llic  opluhalmic  niclliod  is  collected 
in  Tabic   II. 

The  ophthalmic  method  while  more  comparahle  with  the  prac- 
tical requirements,  in  that  it  is  dealing  with  sensory  nerves,  on 
the  other  hand  requires  the  pinetration  of  mihrokcn  mucous  sur- 
faces. 

The  degree  of  anesthesia  produced  in  the  conjunctiva  was 
determined    by    the    amount    of    electric    current    necessary    to 
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cause  a  reflex  movement  of  the  e}elid,  always  using  the  opposite 
eye  as  a  control.     The  stimulating  current  was  applied  to   the 
conjunctiva  close  to  the   edge  of  the  lid  using  blunt   platinum 
electrodes  three  millimeters  apart. 

The  source  of  the  current  was  an  induction  coil  with  300  turns 
on  the  primary,  of  one  ohm  resistance  and  13,000  turns  on  the 
secondary  of  2,550  ohms  resistance.  The  regular  lighting  cir- 
cuit D.  C.  110  volt  was  led  through  a  sixteen  candle  power, 
carbon  filament  lamp  to  the  primary  coil  and  ordinary  magnetic 
make  and  break  mechanism.  By  inserting  a  thirty-two  candle 
power  lamp  as  a  shunt,  around  the  apparatus,  all  burning  of  the 
platinum  contacts  was  avoided,  the  maximum  potential  difference 
Ijeing  reduced  to  forty  volts  and  the  minimum  to  0.25  volts.  As  the 
resistance  of  the  primary  with  leads  was  one  ohm  the  maximum 
current  was  0.25  ampere.  With  the  circuit  breaker  in  action 
twenty-eight  to  twenty-nine  volts  were  recorded  depending  on 
the  position  of  the  secondary. 

The  least  current  that  could  be  detected  when  the  electrodes 
were  placed  on  the  tip  of  the  tongue  was  that  given  with  the 
secondary  coil  twenty-five  centimeters  distant  from  the  primary. 
In  all  experiments  stimulation  was  applied  by  opening  a  short 
circuit  in  the  secondary  for  a  fraction  of  a  second  only. 

The  results  of  this  ophthalmic  method  are  very  unsatisfactory 
(5)  for  determining  anesthetic  power,  as  can  be  observed  by 
consulting  Table  II.  The  small  change  in  current  is  a  little  sur- 
prising as  mechanical  stimulation  often  will  not  show  any  signs 
of  sensation.  The  value  of  oil  solutions  is  in  general  uncertain 
as  oil  alone  necessitates  a  greater  current  for  stimulation. 
However,  the  strong  chloretone  solution  is  undoubtedly  markedly 
anesthetic,  but  the  irritation  of  such  a  strong  solution  nullifies 
its  practical  value. 

Of  the  water  soluble  anesthetics  cocaine  and  tropacocaine  are 
powerful  and  but  slightly  irritating;  alypin,  stovaine,  and  beta 
eucaine  are  fairly  efficient  anesthetics  but  are  more  irritating; 
quinine  salts,  while  distinctly  anesthetic,  are  very  irritating  in 
strengths  3%  or  over  exhibiting  anesthetic  power  to  the  un- 
broken mucous  membrane.  Novocaine  and  ethyl  p.  amino- 
benzoate  while  non-irritating  possess  but  weak  anesthetic  power. 

It  would  appear  that  none  of  these  examined  are  as  efficient 
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as  cocaine  for  anesthesia  of  unbroken  mucous  surfaces ;  however, 
in  ophthalmic  work,  the  dilation  of  the  pupil  may  be  a  disad- 
vantage and  one  of  the  next  four  be  preferred  (6). 

The  effect  on  motor  nerves  and  nerve  endings,  while  not 
absolutelv  comparable  with  sensory  nerves  and  nerve  endings, 
gives,  nevertheless,  exact  data  for  comparative  relations  which 
clinically  (7)  are  also  found  to  hold  for  the  sensory  nerves. 

In  some  qualitative  comparisons  on  the  effect  upon  the  sciatic 
nerve  and  gastrocnemius  muscle  of  frogs  I  failed  to  obtain  the 
same  results  as  reported  by  Lawen  (3). 

The  whole  series  was,  therefore,  examined,  usini;'  the  Leopard 
frog.  Rana  pipicns,  and  to  be  comparal)lc,  also,  the  large  Raiia 
catlsbiaii  from  New  Orleans. 

The  animals  were  decapitated,  skinnetl  and  the  sciatic  nerve 
carefuly  dissected  out  as  far  as  the  gastrocnemius  muscle,  which 
was  left  intact.  The  central  end  of  the  nerve  was  tied  and  cut 
off  just  before  it  enters  the  peKic  girdle,  and  stimulation  was 
applied  only  to  this  smooth  ner\e  trunl<.  This  part  of  the  nerve 
between  the  thread  and  the  muscle  was  laid  in  lo()])s  made  in 
the  end  of  six  platinum  wires  which  acted  as  electrodes.  Tliese 
loops  or  hooks  were  arranged  ti\e  millimeters  apart,  the 
first  electrode  coming  as  near  the  muscle  as  p()ssil)]e,  and  the 
nerve  was  stimulated  across  each  of  these  inler\als.  That  near- 
est the  muscle  is  designated  A.  tlu-n  follow  I'.,  (",  1)  and  1",;  the  E 
being  nearest  the  central  end  of  the  iHr\e.  l'"or  ron\enience  of 
manipulation  an  apparatus  nuicli  like  that  described  1)\-  I  .iiwen  (.">) 
was  used,  the  electrodes  being  lixed  to  a  hinged  \)\vcv  so  that  the 
nerve  could  be  easily  raised  and  lowered.  'Ibis  allows  stimulation 
at  the  same  i)f)int  each  time  without  handling.  To  fiuilier  facili- 
tate the  readings,  a  two-armed  switch  \\;is  lilted  to  the  board  so 
that  any  two  adjacent  elettrodes  lould  be  iminedi;itel\  connected 
f(jr  stimulation. 

The  current  given  by  a  secondary  coil  as  well  as  the  available 
stinuilating  current  is  dependent  ui)on  many  factors,  as  has  been 
\ery  well  ])ointed  out  b\  .Martin  (  !"));  liowe\c-r.  without  going 
into  such  details  cognizance  may  be  taken  of  the  fact  that  for 
practical  purposes  the  secondary  current  varies  inversely  as  the 
square  of  the  distance.     .As  the  S(.'condar\    is  brought    closer  to 
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the  primary  this  relation  is  less  exact  but  still  gives  more  com- 
parable relations  than  linear  comparisons. 


'*!^i(iS^i1C3W^^^E^V^B^H 


Fig.  1.    Apparatus  for  applying  stimulation. 

Stimulation  was  applied  b}-  means  of  the  induction  coil  the  same 
as  with  the  conjunctiva  experiments.  However,  in  the  following 
protocols  and  curves,  instead  of  recording  the  maximum  distance 
at  which  the  secondary  coil  would  deliver  a  stimulating  current 
the  inverse  square  of  the  distance  is  recorded  in  terms  of  units,  the 
unit  being  the  current  given  by  this  particular  coil  connected  as 
described  when  the  secondary  is  100  centimeters  from  the 
primary.  The  units  =  (100/X)-,  X  being  the  distance  of  the 
secondary  from  the  primary.  For  instance,  if  X  :=  "^5  centimeters 
then  (100/25)-  =  ](i  units. 

The  conductivity  changes  in  the  nerve  are  apparent  from  com- 
parison of  the  minimum  stimulating  current  at  A,  B,  C,  D  and  E, 
and  the  irritability  by  the  magnitude  of  minimum  stimulating 
currents.  The  direct  stimulation  of  the  muscle  is  recorded  as  M 
and  allows  a  dififerentiation  of  the  effect  on  nerve  ending  and  on 
the  muscle  tissue. 
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Typical  of  a  number  of  experiments  where  Rana  pipieiis  20 
to  30  g.  were  used  are  the  resuhs  seen  in  Table  III.  Even  one- 
tenth  of  this  strength  gives  no  recovery  in  over  an  hour,  as  seen 
in  Table  IV.  Lawen,  however,  left  preparations  in  5-per-cent. 
cocaine   hydrochloride    for   an    hour   without    extinction   of   the 


irritabilitv 


TABLE   III. 
5%   Cocaine   Hydrochloride. 


Time  Minimum  Stimulating  Current  in  Units       Remarks 

Interval  ABC  DEM 

2.4         2.4         2.5         2.5         2.5         16  Normal 

Replaced    by    5%   Cocaine    Hydrochloride. 
5         niin.  Nothing    at    100  05 

'>         inin.  Replaced    by    Ringer's    solution 

l."i       niln.  Nothing    at    100  50 

.•{0       mill.         Nothing    at    100  .50 

120     min.         Replaced    by    fresh    Ringer's    solution 
120     min.  Notliing    at    KK)  80 

o         hrs.  Notliing    at  •  100  ?,5 


TABLE   IV. 
'/3%    Cocaine    Hydrochloride. 


Til 

nc 

Minimum  Stimulating  Current  In  Tnits       Remark'; 

I:it 

orval 

ARC             n           R           M 

2..-.         -2.4          2..-.         ro         2.7                          Normal 

Replaced    Irj-    r.u    cc    Vi'Vr    (a>    Cocaine    Hy.lrocliloride 

5. 

mill. 

r,             12          r, 

1.-. 

min. 

Nothing    III     lull 

ir, 

mill. 

Replaced    by    Klnger's   sol. 

2.'. 

min. 

Nothing    at     lOo 

35 

min. 

Nothing   at    100 

70 

mil). 

Nothing   at    100 

'l'li;it  llic  RdiKi  /'i/'i.'/i.f  arc  not  especially  siisce|itil)lc  is  seen  in  V  and 
\'I,  wIktc  tile  Iarj.;e   fro^s  from  Xew  Orleans  were  used. 
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TABLE   V. 

5%    Cocaine   Hydrochloride. 
Frog  of  530  G. 


Time 

Minimum  Stimulating  Current  in 

Units 

Remarlcs 

Interval 

ABC            D           E 

M 

6             6             6             5.5         5 

15 

Normal 

Repl 

aced   by   200  cc  57c   Cocaine   Hydrocliloride 

5         mill. 

9            0            6            9            7 

25 

15      min. 

Nothing    at    100 

15       niin. 

Replaced    by    Ringer's   eohition 

25      min. 

Xothing    at    100 

35 

40       min. 

Notliing    at    100 

25 

55       min. 

Notlilng    at    100 

30 

115     min. 

Notliing   at   100 

40 

The  control  leg  had  remained  unchanged  and  was  used  in  VI. 

TABLE  VL 

1/10%    Cocaine  Hydrochloride. 

Control  Leg  of  V.  Frog  of  530  G. 


Time 

Minimum  Stimulating  Current  ir 

Units      Remarlis 

Interval 

ABC             D            E 

M 

5             6             6             6             6 

18            Normal 

Replaced  by   1/10%   (a)   Cocaine  Hydrocliloride. 

15       min 

7           12            9            9            9 

35 

25       min 

70         100          90           90           90 

40 

25       min 

Replaced   by    Ringer's    solution 

40      min 

70        100        100        100        100 

37 

75       min 

.50        100          90          90          70 

30 

95       min 

30           70           .50           .50.          35 

30 

125     min 

25           70           40          25          25 

30 

The  recovery  with  the  nerve  muscle  preparation  of  the  large  frog  is 
seen  to  be  slower  than  with  that  of  the  small  frogs  of  VH,  as  would  be 
expected  from  physical  considerations. 

The  plotting  of  the  time  as  abscissas  and  units  as  ordinates  gives  a 
much  clearer  idea  of  the  character  of  reaction  than  the  tables  of  figures, 
and  has  been  done  with  the  representative  tables  for  the  different  anes- 
thetics. 

The  graph  VH  shows  a  number  of  points  in  connection  with  the 
specific  action  of  cocaine  on  the  nerve  elements.  The  most  obvious  is 
that  the  effect  on  nerve  endings  is  more  rapid  than  on  the  nerve  fibre,  so 
that  during  the  immersion  the  action  on  the  nerve  fibre  is  masked,  but 
appears  when  placed  in  the  Ringer's  solution.  The  recovery  from  the 
effect   on   the   nerve   endings   is   even   more   rapid  than   the    recovery   of 


TABLE  VII. 
1/10%  Cocaine  Hydrochloride. 


Time 

Minimum  Stimulating  Cnirent  in  Units       Remarks 

Interval 

A           B 

C 

D           E 

M 

.■^.2         3.4 

2.7 

2.7         2.5 

20            Normal 

Replaced  by   1/109 

(a) 

Cix-aiiie  Il.vdrooliloride. 

5 

min. 

4.5         4.5 

4.5 

4.0         .3.6 

25 

10 

mill. 

6             6.5 

6.5 

7.(1         0.5 

20 

15 

mln. 

20          20 

2A 

30           25 

25 

20 

niln. 

20          20 

25 

30           25 

25 

mill. 

25           25 

25 

30           30 

50 

.^1 

Ill  In. 

no       .no 

.•?o 

35           35 

30 

mln. 

Replaoed    li.v 

Ringer's    solntion 

40 

mln. 

20          25 

30 

35           25 

50 

50 

mln. 

7          10 

:?o 

35           25 

45 

65 

mln. 

6            7 

7 

7           15 

45 

75 

min. 

6             7 

7 

7             !> 

35 

85 

min. 

7             9 

9 

10           15 

25 

the  fibre,  so  that  the  decreased  conductivity  of  the  nerve  fibre  is  distinctly 
seen.  I  believe  Mosso  &  Frank  (Arch  de.  Physiol,  1892,  p.  562)  first  ob- 
served such  an  affinity  between  cocaine  and  nerve  tissue. 


A  more  specific  affinity  is  seen  witli  tropacocaine  VllI,  where  the 
action  on  the  muscle  tissue  is  slijjiit,  .so  that  the  masking  of  the  lowered 
conductivity  is  surely  due  to  an  action  on  nerve  encUngs. 

The  action  of  tropacocaine  is  also  rapid  and  energetic,  and  although 
more  closely  related  to  cocaine  in  chemical  structure  than  beta  eucaine, 
yet  in  physiologic  response  beta  eucaine  is  closer  to  cocaine.  Apparently 
tropacocaine  is  nearly  as  active  as  cocaine,  while  beta  eucaine  is  easily 
seen  to  be  weaker.     (IX.) 


inme 

Intorval 
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TABLE  \I1I. 
1/10%  Tropacocaine  Hydrochloride. 

Minimum  Stimulating  Current  in  Units       Remarks 
A  K  (■  I)  E  M 


3.4         3.4         2.7         3.0         3.0  20            Normal 

Replaced  by  50  cc  1/10%  (a)  Tropacocaine  Hydrocliloride. 

min.             3.S         3.4         3.8         3.4         7.0  2.5 
4..5         4.5         9.0 
30           30           30 
3.J           35           40 
Ringer's    solution 

40          40          .-lO  3.-) 

SO  100         100  35 

100  100         100  30 

100  100         100  25 
■    fresh    Ringer's    solution. 

SO          90        100  25 


10 

mill. 

4.5 

4. 

5 

15 

min. 

25 

3(1 

20 

min. 

30 

35 

20 

min. 

Repl 

iced 

I'y 

25 

min. 

40 

40 

30 

miu. 

So 

1(10 

40 

min. 

50 

100 

60 

mm. 

25 

40 

60 

min. 

Replaced 

by 

90 

min. 

15 

20 

35 


35 


It  takes  longer  to  produce  its  effects,  but  when  once  established  (X) 
the  recovery  is  slow. 

Novocaine  being  the  least  active  of  the  anesthetics  so  far  recorded, 
the  effect  of  a  5-per-cent.   solution  might  be  expected  to  give  the  results 


KW     Minutes 


reported  by  Lawen ;  however,  as  is  seen  in  the  table  the  result  is  the  same 
as  noted  with  cocaine. 

After  one  minute  the  5-per-cent.  novocaine  solution  has  completely 
blocked  the  nerve  impulse,  and  upon  replacing  by  Ringer's  solution  after 
five  minutes,  no  recovery  is  shown  in  over  two  hours. 
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TABLE   IX. 

1/10%    Beta   Eucaine   Hydrochloride. 


Minimum  Stimulating  Current  in  fnits       Remarks 
ABC  D  E  M 


Time 
Interval 


ir, 

uiin. 

i". 

mm. 

25 

min. 

35 

miu. 

35 

min. 

GO 

min. 

l.G         l.S          1.7         2.7         2.2  Normal 

(1   b.v   50   cc   1/107<;   Beta    Eucaine   Hydrocliloritle. 

3.0         3.5         7.0  12  S 

3.5         S.O       12.0  16.0       14 

20  30  30  35  25 

Replaced   bv   50  cc  Ringer's   solution 

:{o  35  40  35  30 

.•;0  25  30  30  30 

Replaced    bv    fresh  Ringer's   solution 

7  12  20  45  20 


TABLE    X. 

1/10%  Beta  Eucaine  Hydrochloride. 


Time 

Minimum  Stimulating  Current  in 

Units 

Remarks 

Interval 

.V            B 

C             D 

E 

M 

3.0         3.0 

3.0         2.7 

2.2 

20 

Normal 

Replaced 

b.v  .^>0  cc  l/lO-Tf   (a)   Beta 

Eucaine 

lydro( 

hloride. 

5         min. 

3.4         3.0 

.3.4         4..- 

5.0 

30 

10       min. 

3.4         4.0 

3.(1         4..- 

5.(1 

15       min. 

0.5          0.5 

7.0         7.( 

S.(l 

45 

20       min. 

1 S           20 

20           20 

25 

45 

20       min. 

Replaced    by 

Ringer's   solution 

25       min. 

15            IS 

20          20 

25 

45 

35       min. 

20           25 

25           25 

30 

55 

45       min. 

25            18 

20          20 

25 

60 

60       min. 

25          20 

25          30 

25 

60 

SO       min. 

20           18 

18          20 

20 

50 

Time 
Interval 


25 

.•?o 

55 

mill 
mil 
min 

2 

lirs. 
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TABLE   XI. 
Novocaine   Hydrochloride. 


Minimum  Stimulating  Current  in  Units 
A  B  C  D  E  M 


2.0         2.8         2.0         .3.8         1.8  Normal 

Reiilaced   tiy   5%   Novocaine   H.vdrocliloride 
1(11)        100        100        100        100  No  response 

after  one  min. 
Replace    liy    Rinsci's   solution 
10(1        101)        100        100        100 
Replacea   b.v   fresh   Ringer's  solution 
100         100         100         100         100  60 

Replaced    by    fresh    Ringer's    solution 
100         100         100         100         100  55 


TABLE  Xn. 
2/10%    Novocaine   Hydrochloride. 


Time 

Minimum  Stimulating  Current  in 

rnits      Remarks 

Interval 

A 

B 

C            B 

E 

M 

3.2 

4.0 

2.5         2.4 

2.7 

15            Normal 

Replaced 

by   50 

CO   2/10%    (a)    Novocaine 

Hydrocliloride. 

.1         min. 

5 

.5 

4.5         5 

4.5 

10       min. 

fi.5 

20 

5.0         7.0 

15 

24 

15       min. 

11 

40 

30          27 

35 

20       min. 

Chang 

ed    to 

Ringer's   solution 

25       min. 

10 

70 

100        100 

100 

30 

30       min. 

() 

40 

100        100 

100 

40       min. 

4.5 

10 

18          20 

100 

50       mill. 

4.0 

9 

9         100 

100 

18 

60       min. 

.3.5 

.3.5 

8.0     100 

100 

80       min. 

3.2 

7.0 

G.O       50 

100 

15 

95       min. 

2.7 

4.0 

7.0       35 

100 

125     min. 

2.7 

3.5 

8.0       12 

100 

15 

155     min. 

2.7 

4.5 

7.0       12 

100 

18       hrs. 

3.0 

3.5 

4.0       11 

11 

13 

10  20  30  40  50 


70  80  90  100  110  120  130  140  150  Min.  18  hrs. 
XII. 
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When  a  2/10-per-cent.  solution  is  used,  a  picture  very  comparable  with 
that  of  the  other  anesthetics  is  given. 

It  is  distinctly  seen  in  XII  that  an  attack  on  nerve  conductivity  is  the 
principal  mode  of  action,  so  that  novocaine  should  be  very  useful  in  the 
nerve  blocking  type  of  local  anesthesia. 

Quite  different  is  the  action  of  the  closely  related  body  anesthesin, 
which  acts  very  much  like  phenol. 

The  paraphenyl  sulphonic  acid  salt  of  anesthesin  (ethylester  of  para- 
mino  benzoic  acid)  is  fairly  soluble  and  shows  an  action  largely  upon  the 
muscle  and  nerve  endings.  The  character  of  the  response  is  similar  to 
that  with  phenol,  showing  a  nearly  constant  plane  of  anesthesia  wath  a 
given  strength. 

The  equilibrium  plane  of  anesthesia  is  clearly  shown  in  tables  XVI 
and  XVII. 


TABLE  XIII. 
Paraphenylsulphonate  of  Ethyl  P.  Aminobenzoate. 


Time 
Interval 


5 

niin. 

15 

mill. 

35 

min. 

35 

mln. 

45 

mIn. 

55 

min. 

75 

mln. 

Mliiinuim  Stimulating   CiiiTent  In  Units 
ABC  n  E  M 


?,.0         2.9  .3.0  2.7         2.7  12            Normal 

Replaced    by    .jO  cp    5/1007^     (a)  of  alwvo 

5.0         .5.0  4.5  7.0         .-..0 

6.0         fl.O  6.0  6.0         7.0  22 

fi.5         6.5  6.0  6.5         7.0  30 

Replaced  by  Ringer's  solution 

4.0         4.0  4.0  4.0         4.5  15 

3.4         3.7  3.4  4.0         4.5  15 

3.0         3.0  3.0  3.4         3.0  12 


TAP. Lb:  XIV. 
1/10%   Paraphenylsulphonate  of  Ethyl  P.  Aminobenzoate. 


Time 

Minimum  Stimulating  Current  In 

Units       Remarks 

Interval 

A           B           C             D 

E 

M 

2.7         3.0         3.0         2.7 

2.2 

12            Normal 

Replaced   by   r,{)   cc    1/10%    (a 

of  above. 

5         rain 

0.0         6.5         0.5         0.5 

6.0 

30 

10       min. 

25           25           25           25 

25 

32 

15       mln. 

30           30           30           35 

30 

32 

20       mln. 

35           35           35           35 

35 

35 

20       mln. 

Replaced    by    Ringer's    solution 

25       mln. 

0.0         6.0         6.0         6.5 

CO 

35 

30       mln. 

4.0         5.0         5.0         .5.0 

4.1) 

30 

40       mln. 

3.4         4.0         4.0         4.5 

3.4 

15 

55       mln. 

3.0         3.0         3.0         3.0 

2.3 

13 

TABLE  XV. 
iVlO.^f  Paraphenylsulphonate  of  Ethyl  P.  Amfnobenzoate. 


Time 

Minimum  Stimulating  Current  in 

Units      Remarks 

Interval 

ABC            D           E 

M 

2.3         2.2         2.1         2.1          1.8 

12           Normal 

Replaced    by    50    cc   2/10%     la 

>  of  above 

5         min. 

80         100         100         100         100 

27 

7         mln. 

Replaced  b.v  Ringer's  solution 

10       min. 

60        100        100        100        100 

15       min. 

60           80           80          80           90 

100 

20       min. 

13          45          23           30          40 

25       mln. 

16           11           16           15           21 

70 

30       mln. 

16           10           14           14           14 

40       min. 

4.5       14           10             9           11 

11 

100     min. 

4.5         9           10             9           10 

12 

160     min. 

3.2         6.5       11           10           13 

17 

TABLE  XVL 
2/iO^   Phenol. 


Time 
Interval 


Minimum  Stimulating  Current  in  Units .     Remarks 
ABC  DEM 


2.4         2.1  1.9         .3.0         2.7                          Normal 

Replaced  by   50  cc   1/10%      a  •Phenol. 

10       min.             7             S  7  20          20 

20       min.            7.5         8  7.5  22          20 

30       min.             7             .S  7,5  20          20 

GO       min.             7             7.5  7.0  20           18 
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30 
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TABLE  XVII. 
2/10%  Phenol. 


Time 

Minimum  Stimulating  Current  in  Units 

Remarks 

Interval 

ABODE 

M 

3.0         ;i.4         3.0         ;!.0         2.5 

15 

Noniial 

Replaced  l,.v  50  cc  2/10':'c   (ai    Phenol 

n         niin. 

5.0         7.0         7             0.5         0.0 

30 

10       min. 

30           30           25           30           35 

30 

15       rain. 

30          .35           30           35           35 

30 

20       mln. 

30           30          25           30           35 

20       niin. 

Replaced   b.v    Ringer's  solution 

25       min. 

4.5         4.5         5.0         6.0       70 

30 

35       mln. 

3.4         3.0         4.0         4.5         4.0 

15 

45       min. 

2.7         .3.0         3.4         3.4         3.0 

15 
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Stovaine   shows   a   marked   interference   with   nerve   conduction,   but 
very  little  action  on  the  threshold  irritability  of  the  muscle  tissue.     The 

TABLE  XVIII. 
1/10%    Stovaine. 


Time 

Intcrv; 


Minimum  Stimulating  Otirent  in  Units       Remarks 

A        n        {'         n        E        M 


Replaced   h.v    50  eo    1/10%    (a)    Stovaine 


niin 
min 
min, 
min. 
min. 
min 
min 
min 
min 
min 


I.U  1(1 

100  10(1 
Replaced 

100  10(1 

None  at 

r,(l  7(1 

12  1.-, 

(i  1.-. 

."i  12 


.0         4.0         .3.4         .^0 
12.0       10  2.1.0 

100         100         100 
by    Rinfiei's    .solution 

100  100  100 

10(» 


100 
100 


100 
100 
40 


40         50         60 
XVIII. 


response  to  stimulation  was,  however,  very  small  in  magnitude,  even  with 
considerable  increase  in  current. 

Alypin  shows  a  greater  reduction  of  muscle  irritability  than  was  ex- 
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TABLE  XIX. 
1/10%  Alypin. 


Time 

.Minimum  St: 

inuilatins  Cnirent  in 

rnits       Remarks 

Inte 

rval 

A 

B 

t' 

D 

E 

M 

2.:5 

2.0 

2.2 

3.0 

2.4 

21             Normal 

Placed  in  rm   cc   1 

/109'c    ( 

ai    .Vl.vi, 

in. 

.- 

mill. 

.•{.2 

3.0 

3.5 

3.0 

3.0 

35 

10 

mill. 

3.5 

4.0 

3.2 

4.0 

4.5 

35 

l.-> 

mill. 

4.5 

3.0 

4.0 

5.0 

4.5 

35 

17 

mill. 

Replaced   by 

Ringer's    solution 

20 

"""■ 

5.0 

CO 

5.0 

5.5 

5.0 

30  Responses 
shallow 
even  at  100. 

30 

mill. 

..... 

0.5 

S.O 

5.5 

11.0 

25  Responses 
onl.v  a  quiv- 
er at  100 

40 

min. 

•:.ii 

1110 

100 

100 

100 

2ii 

.-)0 

mill. 

11  III 

mil 

1  m 

1 1  HI 

mo 

17 

.SO 

min. 

mil 

KHl 

10i> 

mo 

KMI 

m 

120 

mill. 

100 

100 

llHt 

100 

luo 

ifl 

180 

mill. 

UMI 

100 

100 

100 

100 

19 

16  Vi 

Ins. 

10<) 

100 

100 

100 

100 

20 

hibited  by  stovaine,  and  also  an  interference  with  nerve  conduction ;  liow- 
ever,  the  action  on  the  nerve  shows  the  difficultly  reversible  effect  sugges- 
tive of  quinine  salts.  The  peculiar  rigid  condition  of  the  muscle  with  toes 
distended  was  also  seen,  which  seems  to  be  significant  of  quinine,  and 
bodies  which  show  the  properties  of  a  general  protoplasmic  poison. 

Even  with  very  weak  solutions,  al\pin  shows  its  affinit\    for  nerve  and 
muscle  tissue. 


TABLE  XX. 
2/100%  Alypin. 


Time 

.Minimum  Stimulating  Current  In 

Inlts 

Remarks 

Interval 

.\ 

B            C             D            K 

M 

2.2 

2.1          2.4          2.4         2.7 

1!) 

Normal 

U.| 

)1«c«m1   l.y  2/100%    (a)    Alypin 

10       mill. 

2.4 

2.0          3.0          3,5      10(1 

15       min. 

3.0 

5.0      10       \(u>       mo 

Toes  distend- 

ed. 

l.-K  slight- 

ly 

rigid 

20       min. 

3.0 

3.2        10          100          100 

27 

Keplaced    l.y    RliiKer's    solntlon 

.•15       mill. 

4.5 

5.5        13            70          100 

10 

50       min. 

3.5 

0.5      100          100         100 

21 

70       niln. 

4.5 

13           70         100         100 

10 

100     min. 

3.3 

13           11            13           13 

16 

Quinine  salts  attack  the  muscle  tissue  primarih',  tlie  muscle  becoming 
rigid,  the  toes  distended.  An  effect  upon  conductivity  is  also  indicated  in 
Table  XI. 


TABLE  XXI. 
2/10%  Quinine  and  Urea  Hydrochloride. 


Time 
Interval 


Minimum  Stimulating  Current  in  Units      Remarks 
ABC  DEM 


2.8         .3.0         2.6         2.8         3.4         14  Normal 

)y  2/10%   (a)   Quinine  and  Urea  Hydrochloride. 


Replaced 

5 

mln. 

10 

mill. 

15 

mln. 

20 

mln. 

20 

mln. 

25 

mln. 

35 

mln. 

45 

mm. 

70 

mln. 

2.8 


3.0 


2.4 


2.8 


3.4 


Toes  dis- 
tended 


.3.4  3.0  2.5  3.2  4.0 

2.9  2.8  2.7  4.0  .5.0 

3.0  3.0  2.7  3.7  6.0 

Replaced   by  Ringer's   solution 

2.9  2.5  2.6  4.0  6.0 

2.6  2.1  3.2  3,2  6.0 
2.0  2.4  3.1  3.1  3.3 

2.7  2.8  2.8  3.3  3.7 


With  a  stronger  solution,  Table  XXII,  the  conductivity  is  seen  to  be 
markedly  affected,  but  with  no  action  on  the  nerve  ending. 

The  recovery  of  the  irritability  of  the  nerve  was  generally  slower  than 
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TABLE  XXII. 
3/10%   Quinine  and  Urea  Hydrochloride. 


Time 

Minimum  Stimulating  Current  in 

T'nits 

Remarks 

Interval 

A 

B 

C             D           E 

M 

2.2 

2.. 5 

2.9         3..-.         4.0 

11 

Normal 

Replaced    by    3/10%    (a)    Solution. 

5         min. 

2.2 

2.8 

1.5           70         1(10 

10 

Toes  dis- 
tended 

10       min. 

H.7 

17 

100         100         100 

27 : 

Muscle  rigid 

10       min. 

Replaced  by 

Ringer's  solution 

20       min. 

2.2 

4.0 

.3.5         100         100 

14 

'Mt       min. 

.3.7 

35         100         100 

14 

4.5       min. 

2..") 

3.2 

13         100         100 

13 

Muscle  re- 
laxed 

70       min. 

.3.0 

4.0 

6.0     100         100 

12 

100     min. 

2.9 

2.4 

2.3       21         100 

12 

140     min. 

2.9 

2.6 

2.8         3.4         9.0 

11 

18.T     min. 

2.7 

3.0 

2.8         3.0         4.5 

11 

appears  here,  and  often  the  nerve  appeared  to  be  injured  so  that  it  only 
partially  recovered  and  then  regressed,  eventually  losing  all  irritability. 

Quinine  monochloride  shows  the  same  action  as  the  double  salt;  with 
urea  hydrochloride  it  is,  however,  more  powerful,  apparently  about  4/3  as 
active,  which  from  the  per  cent,  of  quinine  would  be  expected. 

TABLE  XXI II. 
3/10%    Quinine   Monochloride. 


Time  .Minimum  Stimulating  Laurent  in  I'nits       Remarks 

Interval  .\  I?  ('  I»  K  ^5 

2.4         2..".         -X>         2.0         ■".."         l.'i  Normal 

Ufplaccil    l,y    .50   <•(•   '.i/MK''    <">    giiiniiu-    Moiiocliloriilc. 
,„i„.  11  To  KMi  1(1(1  UH.  2.5     T.H'S   dis- 

ttiidcd  mu8- 
n,.  rigid 
Id       min.         !(»(•         loo         100         100         1(10  27 

111       mill.  Replaced   by    Ringer's  solution 


Muscle  re- 
la.xliig 


The  local  anesthetics  lake  the  following  order  as  regards  anes- 
thetic power  on  the  nerve  muscle  preparation  of  the  frog:  alypin, 


mill. 

100 

100 

100 

100 

lOO 

min. 

100 

100 

100 

100 

100 

min. 

100 

80 

SO 

80 

lOO 

min. 

100 

100 

ino 

10(1 

100 

mill. 

8.0 

10<l 

KK) 

IIIO 

101. 

mill. 

.5.0 

0..5 

lull 

mil 

KMI 

min. 

4.0 

4.5 

8.0 

100 

100 

0   10  20  30  40  50  60  70  80  90  100  110  12(J  130  140  150  160  170  >iin. 
XXIII. 


cocaine,  stovaine,  tropacocaine,  beta  eucaine,  novocaine,  quinine 
salts,  paraphenyl  sulphonate  of  ethyl  p.  aminobenzoate,  and 
phenol. 

These,  however,  act  in  different  ways,  so  that  for  nerve  block- 
ing, alypin,  stovaine,  novocaine  and  quinine  salts  come  first; 
while  for  nerve  endings  cocaine,  tropacocaine,  beta  eucaine, 
stovaine,  paraphenyl  sulphonate  of  ethyl  p.  aminobenzoate  and 
phenol  are  more  efficient  in  the  order  given. 

In  stronger  solutions  the  action  of  these  is  not  necessarily 
proportional  to  the  concentration.  Schmid  (8)  has  shown  that 
the  combination  of  two  local  anesthetics  does  not  give  an  in- 
creased action,  and  from  his  work  it  appears  also  that  the  anes- 
thetic action  is  below  the  mean  wdiere  two  are  combined;  except 
beta  eucaine  with  novocaine  and  cocaine  with  tropacocaine. 

The  anesthetic  action  of  some  of  the  local  anesthetics  can  be 
increased  by  salts  with  weak  (9)  acidic  radicals  and  by  the  use 
of  potassium  (10)  salts. 

It  was  thought  that  possibly  Lawmen  used  merely  sodium  chlor- 
ide as  an  indifferent  fluid,  and  that  possibly  the  small  amount 
of  potassium  chloride  in  Ringer's  solutions  would  account  for 
the  more  pronounced  action  observed  w'ith  Rana  pipiens  and 
the  large  swamp  frog  of  New  Orleans. 

It  was  found  that  using  75/100  per  Cent.  (11)  sodium  chloride 
in  place  of  Ringer's  for  diluting,  a  quite  different  picture  was 
obtained. 


234 

T.VBLE  XXn  . 

2/10%   Cocaine  Hydrochloride. 

A.  B.v    diluting   with    Ringer's   solution. 

B.  B.v   diluting  witli  75/lOO^c  sodium   chloride. 


LEFT  LEG 

RIGHT   LEG 

Time 

Minimum 

Stimulating 

Minimum    Stimulating 

Interval 

Current  in  Units 

Current    In    Units 

.V 

B 

M 

.S.              B              M 

Normal 

4.0 

3.4 

14 

3.4           2.S            17 

Placed    in    A 

Placed    in    B 

5 

111  in. 

4.5 

4.0 

16 

.3.5           3.3            19 

10 

min. 

4.5 

4.5 

19 

4.1)           .3.7           27 

15 

min. 

19 

25 

23 

4.5           .3.7           25 

20 

min. 

21 

35 

25 

4.5           3.7           25 

20 

min. 

Clianged 

to   Ringer's 

Clianged   to   75/100    NaCl. 

30 

min. 

25 

80 

32 

4.5           5.5           21 

40 

min. 

19 

80 

25 

4.5            4.0           23 

50 

min. 

21 

50 

27 

4.5           3.3            19 

50 

mui. 

Changed    to    Ringer's 

00 

min. 

S.O 

60 

27 

4.0           3.3           17 

03 

min. 

4.0         11               30 

70 

min. 

6.5 

60 

25 

4.5         19              30 

75 

min. 

Clianged   to   Solution    \. 

85 

min. 

4.5 

23 

23 

0.5         25               30 

R5 

min. 

Clianged    to    Ringer's 

95 

min. 

4.5 

13 

2t 

11            45              30 

105 

min. 

4.5 

6.5 

17 

4.5         SO               .30 

125 

min. 

4.5 

4.0 

15 

4.5            7.0           25 

155 

min. 

4.5 

3.7 

IG 

4.5           3.3           23 

However,  as  no  salts  were  used  in  the  earlier  experiments,  an  attempt 
;  made  to  duplicate  Liiwen's  results  by  the  use  of  a  hypertonic  solu- 


TABLE  XXV. 
VA%    Cocaine   Hydrochloride. 


Time 
Tntervfll 


Minimum  Stimulating  Current  in  Units 
ABC  DEM 


3.7 
Placed  In  31 
min. 
min. 
min. 
min. 
min. 
min. 
min. 
min. 


5  5         4  0  3.4         3.5         23             Normal 

-'I'ri.   Cocaine  H.vdrochlorlde   Solution. 

100         100  1011         KiO             70 
Replaced    b.v    75/100"/.    Sodium    Chloride. 

Nothing   at    100  •'" 

Notlilng   at    100  -li"' 

Nothing    at    100  45 

Nothing  at   loO  27 

Nothing  at   100  30 

Nothing   at   lOO  25 


tion,  a  10-pcr-ccnt.  solution  of  cocaine  hydrochloride  bcinp  diluted  with  an 
equal  volume  of  75/100-pcrcent.  sodium  chloride.  The  same  extinction 
quickly  resulted,  however. 
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A  3j^-per-ccnt.  cocaine  solution,  made  by  diluting  a  10-per-cent.  water 
solution  with  an  equal  volume  of  water  and  the  same  volume  of  75/100- 
per-cent.  sodium  chloride,  shows  the  following  effect. 

It  thus  appears  that  the  apparently  augmentative  effect  of  potassium 
salts  on  the  anesthetic  by  no  means  accounts  for  the  discrepancy. 

A  2/10-per-cent.  potassium  sulphate  solution  is  seen  to  be  prompt  and 
marked  in  its  action. 

,  TABLE  XXVI. 

2/10%  Potassium  sulphate  (by  diluting  a  1.3%  water 
solution  with  75/100%   sodium  chloride). 

Time  Minimum  Stimulating  Current  in  Units       Remarks 

Interval  ABC  DEM 

2.1         2.7  3.3         3.3         3.1  1.5             Normal 
Placed    in    above    solution. 

Ty       min.             2.1         2.G  3.3         3.2         3.3  16 

1.5       min.          12          40  45          50          60  19 
Replaced    by    75/100%    Sodium    Chloride. 

25       min.  '          2.5         2.7  2.7         3.S         6.5  13 

.35       min.             2.4         3.1  3.7         3.7         4.0  12 

It  thus  seems  that  at  least  a  part  of  the  augmentative  effect 
of  potassium  salts  is  the  additive  action  of  the  anesthetic  potas- 
sium sulphate,  rather  than  the  multiplication  (10)  of  the  action 
of  cocaine,  novocaine,  etc.,  which  has  been  assumed. 

It  is  seen  that  the  action  of  potassium  salts  is  upon  the  nerve 
conductivity.  A  concentration  of  potassium  salts  is  Nature's  own 
way  of  deadening  pain  (13),  for  wdien  a  nerve  is  injured  there  is 
a  concentration  of  potassium  salts  in  the  nerve  trunk  near  the 
injury,  so  that  stimulation  must  be  very  intense  to  pass  through 
the  area  of  the  nerv'c  in  which  there  is  found  an  increase  of 
potassium  salts. 

The  subdural  injection  of  2/10  cc.  of  a  solution  (1)  containing 
5^-per-cent.  potassium  sulphate  and  67/100-per-cent.  sodium 
chloride,  and  of  a  solution  (2)  containing  9/10-per-cent.  sodium 
chloride,  into  two  persons,  A.W.L.  and  O.E.C.,  showed  with  the 
first  solution  a  very  appreciable  numbness  for  some  time,  while 
sodium  chloride  alone  gave  just  after  the  injection  a  doubtful 
effect.  However,  when  a  1/100-per-cent.  cocaine  solution,  made 
by  diluting  a  2-per-cent.  cocaine  (Codrenin  A)  with  the  first  solu- 
tion, was  injected,  a  very  distinct  anesthesia  was  produced,  per- 
sisting over  fifteen  minutes. 


There  is  thus  an  apparent  enhancing  action  of  potassium  salts 
on  cocaine  over  the  simple  additive  action,  although  in  this  case 
the  action  must  be  largely  on  nerve  endings,  while  potassium  acts 
primarily  on  the  nerve  trunks. 

From  clinical  data  which  will  appear  in  a  later  comnuuiication, 
it  appears  that  very  dilute  cocaine  solutions  with  potassium  sul- 
phate are  perfectly  reliable.  A  1/20  per  cent,  cocaine  hydrochlor- 
ide and  ^4-per-cent.  potassium  sulphate  solution,  with  which  we 
have  more  data,  seems  to  be  as  efficient  as  a  1-per-cent.  cocaine 
hydrochloride  solution.  While  in  the  majority  of  cases  there  is 
no  need  of  using  as  strong  a  solution  as  1  per  cent.,  it  also  appears 
that  considerably  below  1/20-per-cent.  cocaine  hydrochloride 
when  combined  with  potassium  sulphate  is  perfectly  satisfactory. 

To  attain  the  dose  of  one-half  grain  of  cocaine  hydrochloride 
set  by  the  U.S. P.,  it  would  be  necessary  to  inject  80  cc,  nearly 
three  ounces,  of  this  1/20-per-cent.  solution. 

The  order  of  anesthetic  power  as  determined  on  the  nerve 
muscle  preparation  of  the  frog  appears  to  be:  alypin.  cocaine, 
stovaine,  tropacocaine,  beta  eucainc,  novocaine,  quinine  salts, 
anesthesin,  phenol. 

CONCLUSION. 

In  drawing  conclusions  from  ex[)eriments  upon  the  motor 
nerves  and  nerve  endings  of  the  frog,  it  is  well  to  bear  in  mind 
that  the  function  of  a  local  anesthetic  is  to  deaden  sensory  nerve 
endings,  and  block  impulses  along  sensory  nerves.  IDixon  (13) 
has  shown  that  cocaine  blocks  impulses  along  sensory  nerves 
better  than  along  motor,  so  that  the  clinical  results  with  sensory 
nerves  may  well  show  greater  divergence  of  action  than  is  gener- 
ally assumed  (7). 

In  general  these  results  show  thai: 

1.  Cocaine  is  efficient  in  weaker  solution  than  generally  em- 
ployed, and  for  ])rompt  action  coui)k(l  with  the  same  relative 
safety  has  no  rival. 

2.  Novocaine  while  less  toxic  is  also  weaker  in  anesthetic 
power  than  cocaine,  alypin,  stovaine,  tropacocaine  or  beta  cucaine. 

3.  Beta  eucaine,  while  more  toxic  and  more  irritating  than 
novocaine,  is  in  the  weak  solutions  necessary  for  local  anesthesia, 
safer  than  novocaine  aiul  niDii'  iMdmiil  in  it'-  aiMion. 
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4.  Quinine,  while  slightly  weaker  than  novocaine,  shows  a 
longer  anesthesia,  so  that  for  nerve  blocking  (l-i)  and  post- 
surgical anesthesia,  it  is  to  be  preferred. 

5.  Potassium  salts  are  themselves  local  anesthetics,  but  aug- 
ment the  action  of  other  anesthetics  to  a  greater  extent  than  the 
mere  additive  increase. 
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POTASSIUM    TELLURITE    AS    AN    INDICATOR 
OF  MICROBIAL  LIFE. 

Walter    E.  King  and  Lewis  Davis. 

(From  the  Research  Laboratory  of  Parke,  Davis  &  Co.,  Detroit,  Mich.) 

Read   before   the   Laboratory   Section,    American    Public   Health   Association,   Colorado 
Springs,   September,   1913. 

INTRODUCTION. 

The  fact  that  selenium  and  tellurium  compounds,  when  iM'ought 
into  the  living  organism,  are  decomposed  by  the  metabolic  pro- 
cesses of  the  cells  with  the  formation  of  substances  of  character- 
istic odor  has  been  known  for  a  long  time.  Gmelin  ( 1 )  and 
Hansen  (2)  were  the  first  to  investigate  this,  and  toward  the 
close  of  the  nineteenth  century  the  phenomenon  had  been  closely 
studied  and  its  nature  determined  upon  by  Hofifmeister  (4)  as  a 
synthetical,  methylating  process.  Gmelin,  himself,  in  the  course 
of  his  investigations,  calls  attention  to  the  separation  of  free  selen- 
ium and  tellurium  in  organisms  that  had  been  treated  with  these 
metalloids.  Beyer  (5)  investigated  this  fact  more  closely,  and 
proved  that  preparations  of  selenium  and  tellurium,  in  contact 
with  living  cells,  are  decomposed,  with  a  consequent  pigmentation 
of  the  cells,  by  absorbing  the  element. 

In  the  meanwhile,  Chabrie  and  Lapicque  (3)  showed  that  the 
microbic  cell  exhibited  a  similar  relationship,  their  work,  how- 
ever, being  based  on  mixed  cultures.  The  most  significant  work 
was  done  by  Sheurlen  (6)  and  Klett  (7),  who  closely  studied  the 
phenomenon  with  single,  microbic  individuals,  i.e.,  with  pure  cul- 
tures. From  experiments  on  twenty-seven  different  kinds  of 
bacteria,  they  conclude  that  sodium  selenite  and  sodium  tellurite 
are  reduced  to  metallic  selenium  and  tellurium,  respectively,  by 
growing  bacteria ;  and  are  especially  suitable  for  demonstrating 
the  reducing  properties  of  bacteria.  Although  there  are  differ- 
ences in  the  extent  of  reduction  among  the  various  kinds  of  bac- 
teria, in  general,  all  species  have  the  reducing  power,  and  the 
intensity  of  reduction  is,  as  a  whole,  proportional  to  the  intensity 
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of  growth.  The  reducing  action  of  the  hacteria  on  the  selenium 
and  tellurium  compounds  is  produced  by  the  bacterial  cell  itself 
(protoplasm )  and  not  by  the  products  of  its  metabolism. 

The  work  of  Scheurlen.  Klett  and  others  pointed  to  the  fact 
that  the  selenite  and  tellurite  are  mostly  adapted  to  prove  the 
reductive  power  of  bacteria.  They  failed,  however,  to  take  into 
consideration  that  this  reduction  of  selenium  and  tellurium  com- 
pounds can  very  well  serve  as  an  indicator  of  bacterial  life.  In 
fact,  their  work  would  lead  to  the  assumption  that  this  reduction 
is  specific  to  bacteria,  which  is  not  the  case.  for.  in  our  work,  we 
have  found  that  the  salts  in  question  can  be  easily  reduced  with- 
out calling  bacteria  into  play,  as  through  the  agency  of  continued 
heat,  or  strongly  reducing  chemicals. 

More  recently,  (iosio  (8)  and  Belfanti  (9)  have  made  an 
exhaustive  study  of  this  phenomenon,  particularly  with  potas- 
sium tellurite.  While  the  latter  confined  his  attention  almost 
exclusively  to  the  tubercle  bacillus,  Gosio  investigated  various 
microorganisms  and  the  action  of  such  media  as  sera,  broths, 
milk,  etc.  He  calls  jjarticular  attention  to  the  value  of  the  reac- 
tion as  an  indicator  of  germ  life  and  finds  that  it  is  most  easily 
produced  in  nutrient  broth  and  milk,  while  in  other  media  in 
which  certain  albuminoids  predominate,  as.  for  example,  sera, 
the  phenomenon  is  definitely  retarded.  The  addition  of  a  small 
amount  of  cane  sugar,  varying  between  0.5  gmi.  and  1  grm.  in 
100,  he  also  found  to  greatly  increase  the  sensitiveness  of  the 
"telluric  reaction." 


i:XPEKI.\IENT.\I.   WOKK. 

. /.      The   .Iction   of  Potassium    Tellurite  on    I'arioiis 
Miero(ir(janisnis. 

In  our  work  with  i>otassium  tellurite,  solutions  of  the  salt  in 
water  were  employed  of  such  strengths  that  when  1  cc.  wa< 
mixed  with  10  cc.  of  culture  medium,  dilutions  were  obtained 
ranging  from  one  part  of  the  tellurite  in  2500  ])arts  of  water  to 
one  part  in  .{00.000  parts  of  water.  These  were  most  conveni- 
ently ])repared  by  taking  a  "stock"  solution  of  one  gram  of 
potassium  tellurite  in    li»o  oc.  of  water,  filtering  slowlv  through 
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several  thicknesses  of  tilter  paper  to  obtain  a  clear  filtrate,  and 
then  diluting  the  latter  as  desired.  Both  the  commercial  and 
Merck's  highest  purity  potassium  tellurite  were  used.  The  latter 
product,  which  is  a  pure,  white  powder,  is  readily  soluble  in  water 
in  l-per-cent  solution,  and  was  found  to  be  much  more  stable 
and  to  give  uniformly  better  results  with  the  various  organisms. 
At  first,  distilled  water  was  used  for  the  dilutions,  being  meas- 
ured with  a  burette,  and  the  solutions  thus  obtained  were  then 
sterilized  by  heating  in  streaming  steam  for  an  hour.  However, 
with  concentrations  of  the  salt  more  than  one  part  in  4000  parts 
of  water,  a  decomposition  took  place,  as  shown  by  the  liquid 
becoming  milky  and  the  appearance  of  fine  scaly  crystals ;  on 
standing,  the  reagents  rapidly  darkened  with  the  appearance  of 
black  flocculi.  The  procedure  finally  adopted  was  to  take  the 
clear  "stock"'  solution,  which  is  itself  a  germicide,  and  work 
aseptically.  using  sterile  pipettes,  dilution  water,  and  sterile 
vessels.  Both  plain  bouillon  (containing  2  per  cent  peptone) 
and  1  per  cent  saccharose  bouillon,  as  recommended  by  Gosio  (8), 
were  used  as  media,  except  with  the  tetanus  bacillus,  where  dex- 
trose bouillon  in  oil  was  used.  Heavy  inoculation  was  made  in 
each  case  from  a  young  bouillon  culture,  or  an  aqueous  suspen- 
sion of  the  test  organism  grown  on  suitable,  solid  media.  \\'her- 
ever  feasible,  a  number  of  strains  of  the  organism  was  employed 
in  the  inoculation  to  avoid  individual  idiosyncrasies.  The  man- 
ner of  recording  results  is  best  seen  from  the  accompanying  table 
with  B.  coli  communis.  In  order  to  form  an  estimate  of  the 
most  efficient  strength  of  the  potassium  tellurite,  the  reactions 
obtained  have  been  designated  by  the  numerals  3.  2,  1,  0.  In 
explanation,  3  signifies  a  strong  reaction,  as  shown  by  a  heavy 
black  precipitate  or  flocculi;  2.  a  moderate  reaction;  1.  a  faint 
reaction,  while  0  stands  for  a  negative  result,  as  shown  by  absence 
of  growth  or  coloration.  Results  are  in  triplicate,  and  have  been 
recorded  after  a  week's  incubation  at  the  optimum  temperature 
for  growth.  With  the  exception  of  B.  coli  communis,  the  organ- 
isms studied  are  arranged  according  to  the  classification  of 
Migula. 

1.  The  Eft'ect  of  Potassium  Tellurite  on  Cultures  of  B.  coli 
communis. 
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Exp't'l.  numbers. 

Dilution. 

Medium. 

Reaction. 

1,2,3 

1:2500 

P.B.* 

0,  0,  0. 

4,  5,  6 

" 

S.B. 

0,  0.  0 

7,8,  9 

1:5000 

P.B. 

1,  2.  1 

10,  11,  12 

" 

S.B. 

0,  0,  0 

13,  14,  15 

1 : 10000 

P.B. 

2,  2,  2. 

16,  17,  18 

" 

S.B. 

1,  1,  2. 

19,  20,  21 

1:20000 

P.B. 

2.  2.  3. 

22.  23,  24 

" 

S.B. 

2,  2.  1. 

25,  2G,  27 

1:30000 

P.B. 

3.  3,  3. 

28,  29,  30 

" 

SB. 

3.  3.  3. 

31,  32,  33 

1:40,000 

P.B. 

3,  3.  3. 

34,  35.  36 

" 

SB. 

3,  2,  2. 

37,  38,  39 

1:50,000 

P.B. 

2,  2,  2. 

40,  41,  42 

" 

SB. 

2,  2.  2. 

43,  44,  45 

1:100,000 

P.B. 

2,  1,  1. 

46.  47,  48 

" 

S.B. 

2,  2.  2. 

49,  50,  51 

1:300,000 

P.B. 

1,  1.  1. 

52,  53,  54 

" 

S.B. 

1,  1,  1. 

55,  56,  57 

Controls 

P.B. 

0,  0.  0. 

58,  59,  60 

S.B. 

0,  0,  0. 

♦P.  B.— Plain  bouillon. 
S.  B. — Saccharose  bouillon. 


As  ma\  l)c  iiotc(l  from  the  accompanying  table,  there  is  con- 
siderahlf  latitiulc  in  the  strength  of  tellurite  giving  the  reaction. 
W  iih  /^.  coli  comniiinis.  the  typical  reaction  seems  to  be  the  for- 
mation of  a  heavy  black  ]>rccii)itate.  sometimes  leaving  the  super- 
natant liciuid  clear,  but  of  dark  coUjr.  more  often.  ho\ve\er,  dif- 
fused through  the  tube  of  the  medium.  (  Cf.  V'\g,.  1 .  if  1 .  )  A 
concentration  of  1  :30,000  of  the  salt  seemed  to  give  thr  oiilinuim 
reaction,  being  apparent  e\en  after  twenty-four  hourv'  inculja- 
tion  at  '-u     C. 

Microscopical  examinations  of  the  colon  bacilli  thus  treated,  in 
hanging  drop  jjreparations,  showeil  tliat  the  reaction  produces 
distinct  morphological  changes  in  the  bacillus.  I'he  organisms 
appear  very  much  distended,  some  being  three  to  four  times  the 
normal  length.  Instead  of  being  straight,  many  are  curved, 
resembling  spirilli.  'I'he  most  striking  modification,  ho\ve\er,  is 
the  i)resence  of  bbu-k  granules,  resembling  tliosi-  of  lUu-f.  d'lpli- 
thcri(C   when   stained   bv    .Xeisser's   stain,   but    having    from   three 


to  four  ijjrainiles  ])resenl  in  c\cr\-  (ji'gani-sm.     Especially  in  older 
cultures  showing  the  reaction,  the  bacteria  seemed  grouped  to- 


co/; cominuiiis. 


Treated  with  Potassium  Tellurite. 
Drawing  from  Hanging   Drop  Preparation. 


gather  as  if  they  were  agglutinated.     Saccharose  bouillon,  as  a 
whole,  did  not  give  any  better  reaction  than  did  the  jtlaii:  bouillon. 

2.  Streptococcus  pyogenes. 

In  working  with  the  streptococcus,  a  "stock"  vaccine  was 
used,  containing  eleven  different  strains  of  streptococci.  Here 
again,  the  acticjn  was  rather  slow  in  appearing  and  seemed  best 
at  1  :")n. ()()().  It  is  shown  macroscopically  by  a  finely  granular, 
black  precipitate  clinging  tenaciously  to  the  bottom  of  the  tube, 
while  the  supernatant  bouillon  is  usually  clear  and  not  darkened. 

Examined  in  the  "'hanging  drop"  there  is  a  i)reponderance  of 
short  chain  forms,  as  compared  with  long  chains  in  the  control 
tubes  containing  no  tellurite.  These  short  chains  are  composed 
mostly  of  three  or  four  l)lack  beads,  with  perhaps  several  uncol- 
ored  beads  where  the  reaction  has  not  been  completed,  all  of 
which  are  the  normal  size. 

."}.  Micrococcus  pyogenes  albus. 

4.   Micrococcus  pyogenes  aureus. 

o.  Micrococcus  i)yogenes  citrcus. 

Fc)r  ccjnvenience.  the  aboxe  three  races  of  siajihylococci  were 
studied  together,  with  the  \ie\\ .  if  p()ssil)le.  of  noting  an\'  dis- 
tinctions apart  from  their  chromogenic  power.  In  a  general  way, 
the  reaction  given  b\  bolli  the  ciiircits  and  alhiis  \arieties  were 
quite  similar,  that  gi\en  by  the  former  being  llie  more  pro- 
nounced. I'.oth,  ho\\e\Hr.  were  rather  weak.  The  ojitimum  con- 
centration   NceniN    to   be   about     1  ;liin. although   good    results 

are  obtained  at  1  :Oi),(»im. 

Seemingly  in  marked  contrast,  a  strong  reaction  was  o])lained 
with  the  Micrococcus  f^yoi/ciics  cilrciis  in  e\ery  dilution  studied. 
It  would  a])pear  that,  in  adflition  to  chroniogenesis.  ibis  behavior 
towards  potassium  telhuite  jxissibly  niiglit  be  utilized  a^  a  means 
f)f  differentiation  betwi-en  the  \arieties  of  the  pNogenic  staphy- 
lococci. 

In  routine  procedures  in\-ol\ing  la))orator\  diagnosis,  a'-  in  the 
|)rei>aralion  of  autogenous  \;u-cin(s  and  other  manipulations,  it 
is  necessary  to  i(k-ntif\  the  M icrococciis  (^yoi/cncs  group  with  the 
least  jKjssible  delay.  Where  there  is  relatively  slow  i)igment 
formation,  the  n^e  of  potassium  Iclhu-ilr  unL;bl  be  found  lo  pos- 
sess some   \alne. 

Macroscopicallw   the   reaction    with    tiie  stai)iiylotdcci   siiows   a 


similarity  of  ap])earance  to  that  obtained  with  the  Streptococcus 
f^yogcncs.  the  supernatant  bouillon  being  clear,  with  a  thick, 
viscous,  black  sediment.  Examined  in  the  "hanging  droii,"  the 
"tellurited"  organisms  appear  somewhat  smaller  than  the  normal, 


control  cultures,  and  are  shown  usually  ]\v  three  or  four  black 
cells,  the  remaining  cocci  in  the  group  being  unaffected. 

().   Sarcina  lutea. 

Sarcina  lutea  seemed  to  react  well  with  potassium  tellurite, 
the  tubes  showing  a  characteristic  granular  sediment  of  a  black 
mottled  appearance,  with  the  supernatant  liquid  clear.  (  Cf .  Fig. 
1,  :;ff2.)  Examined  under  the  microscope  in  a  "hanging  drop," 
the  usual  cubical  packets  are  seen,  having  mostly  one  or  two  im- 
colored  cells,  the  rest  of  the  cocci  being  entirely  black.  The  re- 
action, as  a  whole,  is  rather  quick  in  appearing,  being  well  devel- 
oped in  forty-eight  hours,  and  seems  to  be  best  at  1  :4().000. 

7.   Bacterium  diphtheriae. 


2.>0 
Although  the  "tellurite  reaction"  is  rather  slow  in  making  its 
appearance  with  Bact.  Diphthcruc.  it  is.  nevertheless,  very  marked. 
In  the  higher  concentrations,  particularly  1  :1().(HM),  the  appear- 
ance of  the  tuhe  was  almost  black,  with  a  heavy  black  precipitate. 
The  most  tyi)ical  reaction  seems  to  l)e  at  1  lon.iMii).  and  is  shown 
bv  a  dense,  black  ])recipitate  clinging  tenaciously  to  the  bottom 
of  the  tube,  while  the  supernatant  medium  is  cloudy,  and  fre- 
quently colored  brown.  (Cf.  Fig.  3.  4^3.)  Apparently  no  anti- 
septic action  was  exerted  even  at  1 :2500,  while  1  :300,000  also 
gave  a  good  result,  indicating  a  wide  latitude  in  which  the  "tellu  • 
rization"  manifests  itself.  This  relatively  great  tolerance  of 
potassium  tellurite  by  the  (lii)htheria  organism  has  more  recently 


I'll..    4. 

Bact.  diphthcr  ac. 

Tic.ntcd  with  Pot.issinni  Tellurite. 

Dr.TwiiiK  friitii   IlniiKiiiK    Drop  Preiiar;itioii 

found  ]>ractical  ai)plicati()n  in  the  dilTereiUial  diagnosis  of  diph- 
theria b\-  means  of  tlu-  (  o!iradi-'l  rocli  "  Tclhiiium  ])late."  Il"t. 
Wagner   (lO).  .ScJuirmann   ;ind   MaJM^   (11.) 

Examined  in  the  "hanging  dro]).'"  the  organism  sludird.  which 
was  of  the  Westbrook  ".\""  l\l)e.  appi'arrd  ;is  it"  st.iinrd  1)\  the 
Neisser  mclbod.  '\'W  granules  werr  rsin-iiallx  apparrnl.  as  were 
also  the  "\  "  sliap(.-<l  or  "snapping  fornix."  wu^  fri(|urnt.  e.xtra 
large,  individual  lelU.  sinnlar  to  tlio-c'  obtained  with  li\e  hour 
cultures  on  blood  serum  at  '-'t'i  ( '.  (  )n  the  w  lioK'.  llie  organisms 
ap|)iarefl  nnich  larger  than  when  examined  in  a  normal,  stained 
|iripar.ition.  and  ;ds(»  largc-r  than  those  of  the  "ronlidl  (ulturi's." 


(S.  Bacterium  tuberculosis    (Ucjiikj.). 

In  the  work  with  this  organism,  the  Ijacteria  were  first  grown 
on  glycerine  agar,  then  accustomed  to  plain  and  saccharose 
l)ouillon  by  several  transplantations.  Owing  to  the  scanty  growth 
of  the  organism  in  the  culture  media  employed,  as  shown  by  the 
"control  tubes,"  the  reaction  in  no  case  was  very  strong.  Macro- 
scopically,  it  appeared  as  an  almost  metallic,  black,  flaky  deposit, 
or  l)lack  ring,  at  the  bottom  of  the  bouillon  tul)es,  the  remainder 
of  the  medium  l)eing  clear. 

On  microscopical  examination,  the  "treated"  tubercle  l^acilli 
showed  several  black  granules,  sometimes  appearing  as  bipolar.. 
Occasional  branched  forms,  such  as  are  encountered  in  the  sputum 
of  those  sutlering  from  pulmonary  tuberculosis,  are  also  found 
in  some  of  the  fields.  The  action  is  very  slow  in  making  its 
appearance,  and  is  not  fully  developed  before  a  week's  time. 
Here,  also,  a  wide  range  in  the  dilutions  giving  the  results  is 
found,  the  best  being  at  about  1  :  10,000. 

9.  Bacillus  subtilis. 

As  would  be  expected,  the  action  is  slower  with  B.  subtilis 
than  with  B.  coli  communis,  the  first  evidences  of  blackening 
appearing  only  after  forty-eight  hours.  The  dilution  giving  the 
best  results  seems  to  be  about  1 :50,000,  although  the  difiterences 
with  the  various  concentrations  are  not  as  marked  here  as  with 
B.  coli  coinuiuiiis. 

Macroscopically,  the  action  with  B.  subtilis  appears  as  small, 
black  clumps  at  the  bottom  of  the  broth  tube  with  the  super- 
natant liquid  entirely  clear,  and  usually  a  blackened,  wrinkled 
pellicle  at  the  surface  of  the  medium.  Examined  microscopically 
in  a  "hanging  drop"  preparation,  both  individual  bacteria  and 
zooglea  films  can  be  seen.  In  both  cases,  the  organisms  are  con- 
siderably smaller  than  the  untreated  forms,  and  are  colored  a 
uniform  black. 

10.  Bacillus  typhosus.  ! 
Contrary  to  what  would  be  exi)ected,  the  results  obtained  with 

the  typhoid  bacillus  dififered  materially  among  various  strains, 
and  especially  froiu  B.  coli  communis.  On  this  account,  we  are 
making  a  special  study  of  the  "tellurite  reaction"  with  the  colon- 
typhoid  group,  the  results  of  which  we  hope  to  report  upon  in 
the  near  future. 


The  typhoid  bacillus  seems  to  be  peculiarly  sensitive  to  the 
antiseptic  action  of  the  tellurite.  Below  1:50,000  there  is  very 
little  reaction,  while  the  best  results  are  obtained  at  1 :100,000. 
The  appearance  of  the  typical  reaction  is  very  similar  to  that  of 
the  colon  bacillus — a  powdery,  black  precipitate  at  the  bottom  of 
the  tube,  usually  diffused  through  the  supernatant  liquid,  giving 
it  a  l)rownish-gray  tinge.  On  microscopical  examination,  how- 
ever, a  marked  difference  is  apparent.  The  "tellurited"  organ- 
isms appear  about  two-thirds  as  large  as  the  normal  typhoid 
bacilli,  are  non-motile,  and  instead  of  the  four  granules  of  the 
colon  bacillus,  these  have  a  single,  round,  black  granule  at  each 
j)ole.  r)ccasionally  an  organism  is  seen  having  three  such  gran- 
ules, wliilc  others  are  found  considerably  smaller  in  size  and 
entircl\-  black  in  color.  The  reaction  is  comparatively  slow  in 
appearing. 

11.  Bacillus  a])()rtus   (W'ien  I). 

A  culture  of  B.  uhortiis  being  available  at  the  time  of  this 
investigation,  it  was  thought  advisable,  in  the  interests  of  com- 
])leteness,  to  comjjare  the  action  of  this  organism  to  potassium 
tellurite.  As  was  expected,  the  reaction  with  B.  abortus  was  not 
very  pronounced,  owing  in  a  great  measure  to  the  fact  that  the 
organism,  itself,  re(|uires  s])ecial,  anaerobic  cultivation.  The 
results  obtained,  however,  seem  to  justify  the  conclusion,  that 
the  bacillus  of  contagious  abortion  gives  the  "tellurite"  reaction. 
About  1  :50,000  seemed  to  give  the  best  results.  At  this  concen- 
tration it  showed  as  a  slight,  brownish  turbidity  with  a  Ijlack- 
ened  sediment  in  the  tubes.  Microscopically,  the  bacilli,  which 
normally  are  well  isolated,  appear  grou])ed  together  in  twos  and 
threes  in  a  row,  so  that  at  first  glance  they  might  be  mistaken  for 
darkened  bacilli  with  several  spores,  or  light-colored  granules. 

12.  Ijacillus   ])rodigiosus. 
Bacillus  ])yocyanens. 

H.  f'xncxanriis  and  />.  f^rodii/lasiis.  in  mixrd  rulturc\  ga\e  a 
marked  reaction  with  tellurite,  particnlail\  in  the  concentrations 
ranging  from  1  :.")()00  to  1  :-.^(i.imi(i.  .Ma^^o^co|.i^•al]\ ,  tliis  was 
shown  bv  a  decided  blackening,  u--uall\  dilTu^id  llirouglioul  the 
entire  medium  with  a  black  ring  at  the  surface,  but  appearing  as 
a  black  sediment  in  the  higher  dilutions.  C'hromogenesis  is  not 
.-ilTected.  as  is   evidenced  b\-  the    fact   that    the  tubes   showing  the 
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black  deposit  still  had  the  greenish  fluorescence  and  the  red  ring 
characteristic  of  B.  pyocyancns  and  B.  prodigiosus,  respectively, 
when  grown  in  bouillon.  Examined  microscopically  in  the  hang- 
ing droj).  the  smaller,  oxal  /).  produjiosHS  is  found  to  be  uniformly 
])kickened  and  only  slightly  motile.  The  larger  />.  pyocyancns 
ai)])ears  with  two  ov  more  l)Iack  granules,  tlic  motility  being 
unaffected.  The  reduction  is  very  rapid,  jjeing  plainly  evident 
after  twenty-four  hours'  incul)ation. 

13.  Bacillus  mesentericus. 

For  B.  mesentericus,  a  concentration  of  about  1 :30,000  seems 
to  give  the  best  reaction  with  potassium  tellurite,  although  a  good 
result  is  obtained  even  at  1  :3()0,000.  Concentrations  stronger 
than  1:10.0()()  have  an  apparent,  antiseptic  action.  The  action 
is  rather  slow  in  appearing,  and  is  shown  by  a  dark,  gray-black 
sediment,  the  supernatant  medium  ])eing  clear. 


Treated  with  Potassium  Tellurite. 
Drawing  from  Hanging  Drop  Preparation. 

Microscopically,  the  bacilli  appear  much  smaller  than  normal 
with  bipolar,  black  granules.  Occasionally,  an  organism  is  found 
uniformly  colored  black.  The  motility  is  less  than  normal,  and 
spore  formation  is  not  so  apparent. 

14.  Bacillus  tetani. 

Owing  to  the  strict,  anaerobic  requirements  of  the  tetanus 
bacillus,  the  ordinary  technique  could  not  be  observed.  Accord- 
ingly, glucose  bouillon  with  neutral  oil  was  chosen  as  the  medium, 


and  inoculated  with  four  drops  of  a  good  growing  bouillon 
culture  of  the  organism.  This  was  then  incubated  for  two  days 
at  3?'-  C,  and  finally  potassium  tellurite  added,  as  usual,  to  give 
the  various  concentrations. 

Unlike  most  of  the  other  organisms  studied,  the  best  reaction 
of  the  tetanus  bacillus  was  at  the  strongest  concentration  em- 
ployed— 1  -.2000.  As  would  be  expected,  the  reaction  is  sk)\\  in 
appearing,  and  is  first  shown  by  a  brown  ring  near  the  top  of  tlie 
culture  tube.  This  gradually  extends  down  to  the  bottom,  gi\ing 
a  black  flaky  deposit,  with  the  supernatant  medium  brown  and 
turbid.     (Cf.  Fig.  3,  4^4.) 

Examined  in  "hanging  drop"  preparation,  almost  the  first  thing 
noticed  is  the  decided,  granular  appearance  of  the  bacillus.  Ex- 
ceptionally long  forms,  showing  as  many  as  twelve  black  granules. 
are  frequent,  and.  in  some  cases,  show  the  characteristic  "drum- 
stick" spore.  The  large  spores,  sometimes  noted  with  this  organ- 
ism, are  also  seen,  seemingly  with  a  black  spot  in  the  center  of 
the  spore.  The  reaction  takes  at  least  a  week  before  comijletion, 
but  is  distinct  even  ;it  1  :lni).(i(io. 

15.  Spirillum   tyrogenum. 

The  reaction  with  this  organism  was  \ery  slow  in  appearing 
and  not  very  marked.  The  tubes  sh(jwing  the  most  t_\pical  results 
had  either  small,  black  granules  in  the  sediment  at  the  bottom 
of  the  tube,  or  a  black  ring.  <  )n  microscoi)ical  examination,  ihe 
spirilla  were  found  to  be  smaller  than  normal,  sluggishly  motile, 
and  colored  uniformly  black.  About  l:in,()()0  seems  to  be  the 
concentration  giving  the  best  results. 

16.  Saccharomyces  cerevisiae. 
Saccharomyces  glutinis. 
Saccharomyces  albus. 

{•"or  studving  the  action  on  yeasts,  a  culture  was  uscil,  consist- 
ing of  the  ordinarx  beer  yeast — Saccliaroniyccs  ct-rrris'KC-U)- 
gether  with  two  so-called  "wild  yeasts"'  SiU-iliaromycrs  alhiis 
and  SdcrlKironiyccs  (/lutinis.  The  material  used  for  inoculation 
was  obtained  by  washing  off  a  twenty- four  hour,  'iii  ( ".  agar 
slant  culture  into  sterile  water. 

The  "tellurite"  action  with  \ea>ts  is  \er\  rapid,  bi-ing  distinctly 
visible  after  nuubating  for  eighteen  hours  at  room  temperature. 
which    is    the    most    suitable    for   growing    the    xcasts.       W  ith    \]]v 


exception  of  the  higlu-st  dilution  (1:300,000),  all  of  the  tubes 
showed  a  characteristic,  hea\\-,  hlack  deposit,  frequentlv  extend- 
inf^  up  through   th.e   culture   medium,   with   a   black   rintf  at   the 
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surface.  (Cf.  Fig.  (J. )  The  cells  of  the  albus  and  glutinis  were, 
in  most  instances,  found  to  be  stained  deeply  black,  while  that 
of  the  cercvisicc  showed  black  granules,  the  remainder  of  the  cells 
being  unaffected.  No  alteration  in  size  or  tendency  towards 
involution  forms  was  noticed. 

17.  Penicillium  glaucum. 
Aspergillus. 

For  the  study  of  the  action  on  molds,  the  bouillon  tu])es  were 
inoculated  with  the  ordinary  blue-green  mold — Peiiicilliuiii  (jlaii- 
cum,   together  with  a  variety   of  Aspergillus,   species   unknown. 


THE  ACTION  OF  POTASSIUM  TELLURITE  OX  VARIOUS  MICROORGANISMS 


Concentrations  giv- 
ing    reaction    and 

Organism.         Macroscopical  appearance.!  Microscopical  appearance,    optimum  concentra- 
j  tion. 

I L__ 

I  ! 

1.  B.coli  Heavy  black  ppt.,  diffused'Bacilli  larger,   curved   and  1:10,000—1:300,000 

communis,      through  medium.   Action      clumped.  3-4  black  gran- 

rapid  and  strong.  ules.  1 :  300,000 

2.  Strep.  Finely   granular  black  ppt.  Normal  size,  short  chains.  1 :  40,000—1 :  300,000 

pyogenes.        supernatant  bouillon      3-4  black  beads  in  chain. 

clear.     Action  slow  and  1 :  50,000 

moderate. 

3.  Mic.  pyog.    Small,  viscous,  black  sedi- Smaller  size  with  3-4  black  1:  40,000— 1 :  300,000 

albus.  ment;  supernatant  bouil-      cells.  ■ 

Ion    clear.     Action    slow  j  1:100,000 

and  feeble.  i 


4.  Mic.  pyog. 
aureus. 


5.  Mic.  pyog. 
cilrcus. 


Small,  viscous,  black  sedi- Smaller  size  with  3-4  black  1 :  40,000— 1 :  300,000 
ment;  supernatant  bouil-      cells. 


lun    clear,      .\ction   .slow 
and  feeble. 

Thick,  viscous,  black  sedi- 
ment; supernatant  bouil- 
lon usually  clear.  Action 
strong. 


1:100,000 


Smaller  size  with  3-4  black  1 : 2,500—1 :  300,000 
cells.  i 


ItJO.OOO 


6.  Sarcina 
lutea. 


Characteristic,  gran,  black  Normal  size  with  blackened  1:2,500 — 1:300,000 

sediment.       Supernatant      cells.  | ~ 

li  (]  u  i  d      clear.      Action 
rapid  and  strong. 


1:40,000 


7.   Bad.  diph- 
theria. 


Dense,  clinging,  black  ppt.  Bacteria  larger  with  num- 1 : 2.500— 1 : 300,000 

Supernatant     liquid      erous    black    granules. 

cloudy   and   brown.    Ac-  1 :  10,000 

tion  slow  but  strong. 


).  Bad.  tuhcr-   Metallic,    black,    flaky  Bacteria  branched  and  gran- 1 :  15,000— 1:300,( 

culosis  deposit.    Supernatant  li-      ulated.  |^ — ■ 

{Homo)  quid  clear,     .\ction  slow  1 :  10,000 

and  feel)lc. 


Small,  black  clumps;  super-  Bacilli    smaller    and     uni- 
natant  liquid  clear  with      formly  black, 
black     pellicle.       .Action 
rapid  and  strong. 


1 :  20,000—1 :  300,0 
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THE  ACTION  OF  POTASSIUM  TELLURITE  OX  VARIOUS   MICROORGANISMS 
Concluded. 


I  Concentrations  giv- 
ing reaction  and 
Organism.        Macroscopical  appearance.,  Microscopical  appearance.  ,  optimum  concentra- 
tion. 


10.  B.  tijplu 


12.  B.  prodigio- 

sus. 
B.  pyocy- 
aneus. 

13.  B.  mesen- 

tericus. 


14.  B.  tetani 


Powdery,  black  ppt.  dif- 
fused through  medium. 
Action  slow  and  moder- 
ate. 


Smaller  size  with  one  black  1:50,000—1:300,000 
polar  granule.  


Slight    brownish    turbidity  Bacilli  grouped  and  entirely  1:5,000—1:300,000 

with  black  sediment.  Ac-!     blackened.  • 

tion  slow  and  feeble.  1 :  50,000 

Black    sediment,     diffused  Normal  size;  B.  prod,  black-  1 : 5,000 — 1 :  300,000 

through     medium     with'     ened  and  B.  pyocy.  gran 

black  ring.    Action  rapidj     ulated.  1:50,000 

and  heavy.  I 

Dark,  grey-black  sediment;  Bacilli  smaller  with  bipolar,  1:20,000 — 1:300,000 

supernatant  liquid  clear.'     black  granules.  

Act  ion  slow  and  moderate.  1 :  30,000 


Black,  flaky  deposit;  super- Bacilli  larger  with  numer- 1 : 2,500 — 1:100,000 

natant  liquid  brown  and|     ous  black  granules.  

turbid.  Action  very  slow  |  1:2,500 

but  heavy.  ' 


\b.  Spir.ty-        Small,    black    granules    or  Org'ms,  smaller  and  black-' 1:2,500— 1:  300,000 

rogcnum.         black  ring.  Liquid  above,,     ened.  Motility  aflFected.j 

clear.    Action   slow    and  ]  1:40,000 

feeble.  I 


16.  Sacch.cerc-    Characteristic,  heavy,  black  Normal  size,  Sacch.  alb.  and,  1:2,500 — 1:300,000 
visice.  I     sediment;  supernatant  li-      Sacch.    glut,    blackened, ■ 


Sacch. 


Sacch. 
glutinis. 


17.  PcnicUlium 
glaucum. 
Aspergil- 
lus. 


quid  blackened  and  with      while  Sacch.  cerev.  granu-l 
ring.     Action  very  rapid      lated. 
and  strong.  I 


Heavy,  black,  felted  mass,! 
extending  into  medium.! 
Action  very  rapid  and 
strong. 


1:2,500—1:300,000 


Average  optimum  concentration,  1:50,000. 


The  incubation  liere.  also,  was  at  room  teni])cratnrc,  hut  the 
reactions  obtained  were  much  stronger  than  with  th.e  yeasts.  In 
almost  every  instance,  tlie  surface  of  the  tulx-  was  covered  with 
a  heavv.  Ijlack.  felted  mass.  fre(iuentl\-  extendinj^-  down  into  the 
medium  itself.  Apparently  the  \arious  concentrations  had  very 
little  influence  on  the  intensitx'  of  the  reaction,  as  it  was  as  market! 
at  1  :"^.")()(i  as  at  1  loCKKOOii^  and  in  each  case  apjieared  in  twenty- 
four  hours. 

1).    General  C'onsidei-ations  of  tJie  "Tellurite  Jxeaetioii." 

As  true  of  anv  "\ital  reaction"  where  chemical  changes  are 
]»roduced  through  the  agenc}'  of  li\ing  material,  both  physical 
and  chemical  factors  have  a  marked  influence  on  the  action  of 
potassium  tellurite  f)n  micro<")rganisms.  l^ssentiall)-,  this  is  a 
reduction  from  the  tellurite  to  metallic  tellurium,  jirobably  with 
the  formation  of  hx'drogen  and  hydrogenated  compounds.  This 
i.s  evidenced  b\'  the  fact  that  with  the  Haet.  tiibereulosis,  not 
only  di<l  we  lind  the  black  metallic  i)reci])itate  indicative  of  the 
tellurium,  but  se\eral  of  the  lubes  had  a  garlicdike  odor  ana- 
logous to  the  arsines.  and  which  in  all  itrobabilit\-  were  hydro- 
genated tellurium  compounds  or  "lellurines."  Theoretically, 
then,  the  ])resence  of  saccharose  in  the  medium  as  recommended 
1)\-  ( iosio  (S)  should  make  it  more  eas\  for  the  bacteria  to 
reduce  the  telhn-ium  salt  through  ihe  formation  of  special  fer- 
mentation ])roducls.  (  )ur  work,  howe\er.  has  failed  to  lind  any 
material  ad\anlages  residling  from  the  u^c  of  saccharose  bouillon. 
In  fact,  with  />'.  )neseiiterieiis.  />.  uluniiis.  Streptoeoeeiis  pyoijeites 
and  /).  eoli  eoinmunis  the  i)lain  bouillon  seemed  e\en  slightly  bet- 
ter than  the  saccharose. 

The  presence  of  acids  or  alkalies,  as  would  be  supposed,  inter- 
feres with  the  "tellurite  reaction. "'  the  acids  more  so  than  the 
alkalies,  'i'his  is  due  not  (»nl\  to  actual  inhibitor)  action  upon 
the  bacteria,  but  also  to  a  chemical  decomjiosition  of  the  telluriti'. 
as  shown  b\-  the  formation  of  a  white  prc'cipitate.  .'^imilarlw 
strong  heat,  cold,  and  light  lia\e  both  an  action  on  the  sail  ;ind 
an  action  on  the  bacteria.  W  itli  sohd  nu'dia.  siuli  ;is  agai",  addi- 
tion of  potassium  tellurite  1  ;.Mi(mi  to  meltecl  agar  at  Co  C.  gave 
a  decided  bnjwn  color  after  solidilication,  while  no  elTect  was 
noticed  when  the  agar  was  k(.pt  at  :io     (  . 

it  is  also  apparent    that    to  obtain  good   rt'sults  with  potassium 
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tellurite,  the  org-anisni  must  l)e  in  an  active  stale  of  nietahulism. 
An\-  factor  influencing  the  i^rowth  of  the  microbes  will  conse- 
quently influence  the  "tellurium  reaction."  The  ])resence  of 
dilute  antise]>tics,  by  retarding^  the  growth  of  the  l)acteria,  hinder 
the  reduction  phenomenon.  In  this  connection,  it  must  be  borne 
in  mind  that  the  potassium  tellurite,  itself,  has  a  relatively  strong 
germicidal  action.  A  germicidal  assay  of  this  salt  made  by  our 
colleagues,  H.  C.  Hamilton  and  T.  Ohno.  l)y  the  Hygienic  Labo- 
ratory ^Method,  gave  a  phenol  coefficient  of  G.  For  comparative 
purposes,  an  "antisei)tic  Aalue"  test  was  made  at  the  same  time 
by  inoculating  .3  cc.  of  the  tellurite  in  various  dilutions  with  0.1 
cc.  of  a  twent}--four-honr  culture  of  B.  fyphosiis  (Ho])kins)  in 
bouillon.  After  forty-eight  hours'  contact,  a  sul)culture  was 
planted  in  bouillon,  and  its  condition  recorded  after  fortv-eight 
hours"  time  for  growth  in  the  medium.  The  results  indicated 
that  i)otassium  tellurite  can  be  used  as  an  antisei)tic  in  a  concen- 
tration of  1  :23(J().  pro\ided  the  organisms  are  exposed  to  the 
action  of  the  solution  for  at  least  forty-eight  hours. 

It  is  evident  from  our  results  that  the  capacity  for  reducing 
potassium  tellurite  varies  with  the  different  microorganisms. 
Some,  as,  for  example,  the  yeasts,  molds,  and  Bad.  diphtheria-, 
are  especially  energetic,  while  others,  as,  for  example.  B.  abortus, 
and  SpirilliDii  tyrogcniiui,  gave  a  w'eaker  action.  Including  our 
work  with  the  colon-typhoid  group,  we  have  studied  over  twent\- 
five  species  of  microorganisms.  In  every  instance,  the  capacity 
for  decomposing  the  potassium  tellurite  was  present  in  a  manner 
easily  perceivable  b}'  the  naked  e\e.  Naturally,  where  bacteria 
are  present  in  the  spore  form,  no  reduction  of  the  tellurite  can 
take  place.  It  seems  fair  to  assume,  then,  that  the  jjower  of 
reducing  potassium  tellurite  with  the  formation  of  character- 
istic black  compounds  is  common  to  all  microorganisms  in  an 
acti\e  state  of  metabolism. 

Tlte  best  results  seem  to  be  obtained  with  those  organisms 
commonly  found  as  sources  of  contamination,  as  the  colon 
bacillus,  the  hay  bacillus,  yeasts,  molds,  and  others.  Therefore, 
potassium  tellurite  appears  to  be  well  adapted  as  an  indicator  of 
microbic  life  in  general,  but  is  especially  suitable  as  an  indicator 
of  ordinary  bacterial  contamination  occurring  under  practical 
conditions. 
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A  general  survey  of  the  reaction  with  the  various  microorgan- 
isms studied  seemed  to  show  that  an  average  concentration  of 
1  :.■)().()()()  is  the  most  suitahle  for  the  use  of  potassium  teUurile 
as  an  indicator.  Using  such  a  concentration  of  the  sah.  we  have 
tested  for  steriHty  numerous  aseptic  hiological  and  chemical 
preparations,  including  sera,  bacterial  vaccines,  alkaloidal  and 
drug  i)roducts  under  varying  conditions.  The  criterion  in  each 
case  was  the  presence  or  absence  of  a  black  precipitate  or  colora- 
tion. Controls  were  run  at  the  same  time,  and  the  results  checked 
in  each  instance  l)y  growing  the  material  both  at'n)l)ical]y  and 
anaerobically  in  suitable  culture  media.  The  material  was  so 
selected  or  treated  that  about  one-half  was  actually  c(jntaminated. 
In  practically  every  case,  the  cultural  results  and  those  obtained 
by  the  indicator  were  in  entire  agreement. 

The  possible  application  of  potassium  tellurite  in  hypoder- 
matic ])roducts,  brought  up  the  question  of  its  toxicity  and  irri- 
tating action.  In  experiments  which  were  conducted  by  our 
colleague,  O.  E.  Closson,  with  guinea-pigs,  0.3  cc.  of  1-100  solu- 
tion produced  marked  congestitjn  at  the  injection  site  when 
examined  four  days  after.  One  cc.  of  1-2000  showed  ](icall\  a 
congestion  at  the  end  of  forty-eight  hours;  "i  cc.  of  l-.")i)ii(i  showed 
locally  only  a  ver)-  slight  inHanimation  at  the  end  of  fort\-ciglit 
hours;  (I.-")  cc.  of  1-15,000  showed  loeallx  no  signs  of  the  injection 
at  the  end  of  forty-eight  hours.  Contrary  to  the  tindings  of  (  losio 
(S),  the  niininuim  lethal  dose  for  guinea-pigs  at  the  dihilion 
1-2000  was  (I. (Hi:!  gni.  i)er  kg.  .\ulops\  on  tlu'  animal^  killeil 
with  the  saU  showed  a  gastro-intestinal  intlanimation  ;  llie  ^ile  of 
the  injection  was  intlanied,  and  had  a  dark  deposit  with  a  garlic- 
like odor. 

A  dog  reeei\ing  sul)entaneon>l\  ">  cc.  jjorlions  of  1-I(HI(I, 
l-;;!00(),  1-1000.  l-.soiM),  M."., 0(1(1,  and  I-;'.o.ooo,  examined  at  the 
end  of  forty-eight  hours,  showed  some  inllannnation  at  the  point 
of  injecting  the  l-looo  solution,  just  a  trace  at  the  1  -.'(lOO,  and 
no  indication  at  thi'  points  wIhtc-  llie  nioie  dihite  solutions  were 
injected.  A  ijog  receiving  ".'  cc.  portions  of  the  same  solutions, 
examined  four  days  later,  siiowed  a  \ery  considerable  congestion 
at  the  site  (>\  injecting  the  l-lDOO  .solution,  just  a  trace  at  the 
l-2(»0(),  .-md  at  the  1-.S0()(».  and  absolutely  none  at  the  other 
points  of  injection. 


Conclusions. 

1.  Nearly  all  of  the  more  common  microorganisms  react  with 
potassium  tellurite,  forming  characteristic,  black  compounds. 

2.  This  capacity  depends  on  an  active  state  of  metabolism  of 
the  reacting  organism,  and  the  action  is,  in  all  probability,  a 
reduction  of  the  tellurite. 

3.  The  "tellurite  reaction"  can  be  used  as  an  indicator  of  mi- 
crobial life,  and  is  especially  suitable  for  revealing  microbic  con- 
tamination. 

■i.  A  dilution  of  1  :50,()0U  of  the  salt  seems  to  be  most  suitable 
for  its  action  as  a  general  microbic  indicator.  In  this  concen- 
tration it  produces  no  irritative  action  when  introduced  into  test 
animals. 
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FURTHER  STUDIES  WITH  REFERENCE  TO 
SPIROCHETES  OBSERVED  IN  SWINE 
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With  3   figures  and   o   curves  in  the  text. 

(Eingegangen  bei   der   Redaktion   am   2G.   .Vpril    1914.) 

INTRODUCTION. 

Spirocli(rta  suis  has  been  described  in  former  reports  as  an 
organism  measuring  approximately  6  to  10  microns  in  length  and 
about  0.3  to  0.6  microns  in  width.  It  is  a  typical  spirochete,  con- 
sisting of  5  to  10  convolutions,  and  the  spirals  are  fixed.  In  cul- 
tures, some  individual  organisms  may  show  only  ;>  or  4  convo- 
lutions. In  fresh  preparation,  when  studied  by  the  dark  field,  the 
motility  is  often  very  active  and  characteristic.  While  the  organ- 
isms tend  to  move  backward  and  forward  in  the  same  plane,  the\ 
often  exhibit  a  rapid,  awkward  appearing  movement  of  the  fixed 
spirals,  not  unlike  the  motion  of  hinge  joints. 

The  above  brief  description  applies  to  this  organism  as  it  is  found 
in  local  external  lesions  or  intestinal  mucosa  of  swine  suffering  from  hog 
cholera  (1).  A  spirochete-like  form  which  has  been  reported  by  us  (2,  3). 
and  confirmed  by  Arnheim  (4),  as  being  found  by  the  dark  field  method 
in  the  blood  of  cholera  hogs,  differs  in  morphology.  It  is  relatively  much 
thicker  and  its  motility  is  undulating,  although  the  spirals  are  fixed.  .-\.s 
suggested  in  our  former  reports  {Journ.  Infec.  Diseases,  Vol.  12,  1913, 
p.  212,  and  Vol.  13,  p.  466)  :  "Whether  or  not  some  of  these  spirochetes 
in  the  intestinal  lesions  bear  any  relation  to  those  present  in  the  blood 
of  cholera  hogs  is,  of  course,  an  open  question.  It  is  possible  that  the 
spirochetes  found  in  the  blood  enter  the  lymph  and  blood  stream  at  an 
early  stage  of  the  ulcer  formation.  This  would  offer  a  possible  explanation 
of  their  comparatively  small  number  as  seen  on  any  one  blood  mount." 
"Results  lead  us  to  believe  that  the  spirochete  observed  ....  in  the  blood 
of  cholera  hogs  is  a  transitional  form." 

It  occurs  in  very  few  numbers,  as  shown  by  careful  dark  field 
study  of  hog  cholera  blood,  and,  up  to  the  present  time,  attempts 
to  cultivate  it  from  the  blood  as  well  as  to  secure  satisfactory 
stained  preparations,  have  been  unsuccessful.    It  should  be  stated, 


*Read    before    the    .Societv    of    .'\nierican    Bacteriologists,    Montreal,    Can.,     Tan.    2, 
1914. 
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however,  that  very  httle  attention  has  heen  given  to  the  study  of 
the  blood  of  cholera  hogs  during  the  past  year,  observations 
liaving  been  confined  almost  exclusively  to  ■^])ir()chetcs  as  they 
appear  in  external  or  intestinal  lesions  from  cases  of  hog  cholera. 

From  two  different  sources,  "Spiroclueta  sui.s"  has  been  suggested 
as  a  name  for  spirochetes  observed  in  swine.  Bosanquot  (5),  in  his  book, 
refers  to  the  observations  of  Dodd  (6)  and  Clcland  (7),  and  Neveau- 
Lemaire  (8).  in  a  cnmpihition,  al>^n  mt-nlions  the  reports  of  )ioth  nf  the 
above  investigators. 

IJosaiKjuet's  reference  is  as  follows: 

"Spirochjetcs  in   the   I'ig.      (Spirocha'ta    suis?) 

"Dddd  found  spirochietes  in  a  disease  affecting  tlic  skin  of  the  pig, 
communicated  by  contact  and  inoculabic  in  the  skin  of  a  liealthy  animal. 
The  organisms  (Fig.  72)  were  not  found  in  the  blood;  they  disappeared 
and  reappeared  in  the  cutaneous  lesions  from  time  to  time. 

"Cleland  observed  spirocbaetes  in  tumours  occurring  at  the  site  of 
castration  in  pigs.  The  organisms  were  from  6  to  12  »  in  length  and 
exhibited  three  or  four  irregular  curls.  .Along  with  these  organisms  were 
large  bacillary  forms,  some  of  which  were  slightly  undulating  and  sug- 
gestive (if  being  modified  form>-  of  the  si.irocliates." 

In  the  book  of  Neveau-Lemaire,  reference  is  made  to  si)ir()- 
clietes  in  swine  as  follows  : 

"Spirochjeta  suis. — We  i)rovisionally  give  this  name  to  a  spirochete 
described  by  Burton  Cleland  (Xote  on  si)irochfetes  in  castration  tumours 
of  pigs.  Parasitology.  A  supplement  to  the  Joitrii.  nf  Hyuiicnc.  \'oI.  1, 
Xo.  3,  p.  21(S-219),  in  tumours  following  castration  in  the  ]>ig.  This 
organism  measures  from  6  tt,  and  even  less,  to  12  u  in  Uugtli  ;  its  width 
scarcely  exceeds  that  of  a  Koch  bacillus;  it  presents  tliree  or  four  irregular 
spirals.  It  is  found  in  the  yellowish-brown  pus  wiiicli  drains  from  the 
tumors  in  question,  the  size  of  which  may  \ar\  from  that  of  a  hen's  egg 
to  that  of  a  tennis  ball. 

"These  jjbcnomena  following  castration  are  relativel\  frKjuent  in  the 
pigs  of  western  Australia.  However,  it  is  still  imi)ossil)le  to  sa\  whether 
the  si)irochete  pla\  s  a  role  in  th'  iiathogenesis  of  thest'  tumors  or  whetlier 
it  is  simj)ly  an  ordinary  s;t]iropli\  te  introduced  itilo  the  wound  at  the  lime 
of  castration. 

"Sydney  Dodd  (A  Disease  of  tin-  I'lt:,  Due  lo  a  Si-irociute.  hntni 
of  Cumpuratiic  I'athohxjy,  \  ol.  1''.  l''()().  p.  21())  has  described  an  ulcer- 
ative condition  of  the  skin  of  the  pig,  in  wiiich  be  lias  observed  spirothetes 
very  similar  to,  and  j)erhaps  identical  with,  that  which  concerns  us  (Mathis 
;ind  I.eger  liave  described  at  l.e  Toucpiin  a  spirochete  of  the  rabbit; 
Spirocb.Tta    Kaillieti.     Soc.   de   P.iol  ,    11    l-e\  r    I'M))" 

W  I'    l)clic\e    tlic    species    which    \\x'    lia\c    ob-crxcil    in    hogs 
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alTectcd  fnjiii  cholera  is  not  the  same  as  those  described  by  Dochl 
and  Cleland.  Dodd  and  Cleland  both  described  the  form  which 
they  observed  as  consisting  of  3  or  4  irregular  convolutions.  There- 
fore, in  order  that  the  rules  of  nomenclature  shall  be  properly 
observed,  it  is  necessary  that  some  other  name  than  S pirochccta 
sitis  be  used  in  designating  the  organism  with  which  we  are  work- 
ing. Hereafter  we  shall  use  the  name  S pirochccta  hyos  (from 
the  Greek,  meaning  spirochete  of  the  i>ig). 

In  conjunction  with  the  later  studies  of  this  s])irochete  in  tlie 
blood,  many  observations  have  Ijcen  made  by  means  of  the  dark 
h.eld  of  material  taken  from  the  intestinal  ulcers  of  hogs  dead 
from  hog  cholera  during  the  course  of  (jur  experiments  for  sev- 
eral months.  Scrapings  from  the  intestinal  mucosa  and  contents 
of  the  crypts  in  the  ceca  of  normal  hogs,  some  of  these  being 
susceptible  to  hog  cholera,  others  immune  to  the  disease,  have 
also  been  examined  at  every  opportunity.  .\s  a  result  of  this 
work,  we  have  arrived  at  the  following  tentative  conclusions : 

].  The  mucosa  of  the  large  intestine,  particularly  that  of  the 
cectun,  of  normal  hogs  includes  in  its  flora  non-pathogenic 
spirilla  and  spirochetes,  relatively  large  forms  predominating. 

2.  In  the  ulcerated  patches  of  cecal  mucosa  and  in  the  crypts, 
near  the  ileo-cecal  valve,  of  hogs  dead  from  cholera  is  localized 
a  constant  species  of  spirochete,  whicli  is  pathogenic  for  swine 
and  which  plavs  an  important  part  in  the  ])roduction  of  hog 
cholera. 

;5.  The  crypts  and  healed  ulcers  of  hogs  actively  immunized 
against  hog  cholera  may  contain,  for  a  variable  period  of  time 
after  immimization.  in  addition  to  non-pathogenic  spirochetes, 
the  same  species  of  pathogenic  spirochete  referred  to  above. 

Positive  dark  field  findings  of  spirochetes  in  intestinal  ulcers 
and  mucosa  of  cholera  hogs  are  in  accordance  with  the  results 
reported  by  von  Riither  (9),  Uhlenhuth  and  Haendel  (10), 
Retegh  (11)  and  x-Xrnheim  (4).  We  have  been  unable  to  confirm 
the  findings  of  spirochetes  in  the  bile  of  cholera  hogs,  as  reported 
by  Uhlenhuth  and  Haendel. 

On  account  of  the  fact  that  efi:orts  to  secure  cultures  or  satis- 
factory stained  preparations  of  Spiroclucta  hyos  from  the  blood 
of  cholera  hogs  were  not  successful,  and  because  of  the  large 
amount    of    bacterial    contamination    present    in    the    intestinal 


lesions,  attempts  have  been  made  to  hnd  localized  foci  of  the 
organism  elsewhere  in  the  diseased  body.  Microscopical  prep- 
arations and  cultures  were  made  from  the  spleen,  liver,  lymphatic 
glands,  spinal  cord,  cerebro-spinal  fluid,  bile  and  urine.  These 
attempts  were  unsuccessful  except  in  one  instance.  In  one  case 
(Hog  615,  inoculated  subcutaneously  with  exudate  from  local 
lesion.  Hog  599),  the  dark  field  revealed  in  the  ini^uinal  lyni])]! 
gland  a  spirochete  resembling  the  assumed  pathogenic  form. 
In  many  of  the  dark  field  prei)arations  numerous  granules  were 
(jbserved.  hut  it  was  im])ossil;le  to  draw  anv  definite  conclusions 
as  to  their  origin  and  relationshi])  to  Sf^irocluria  hyos  or  to 
tissue  elements. 

Finally,  when  an  opportunity  presented  itself,  dark  field  ex- 
aminations were  made  from  the  exudate  of  external  lesions  on  the 
leg  and  ear  of  a  case  of  cholera  of  the  chronic  type  (Hog  58)5, 
May  8,  1913).  This  material  contained  spirochetes,  presumably 
of  one  species,  in  large  numbers.  So  far  as  we  know,  sinfilar 
observations  have  never  been  reported  except  liy  Dodd  ( (i )  of 
Pretoria,  Transvaal,  and  Cleland  (7)  of  Australia.  In  describing 
"A  Disease  of  the  Pig,  Due  to  a  Spirochete,"  Dodd  states  that  he 
found  a  spirochete  in  the  cutaneous  lesions  of  a  number  of  pigs. 
The  disease  could  not  be  transmitted  experimentally  l)y  ihc  inocu- 
lation of  blood  from  an  infected  animal,  but  was  transmitted  by 
actual  contact.  The  infection  was  fatal  to  several  pigs.  Autopsy 
revealed  nothing  except  the  local  skin  lesions  and  general  anemia. 
The  disease  appeared  to  be  some  cutaneous  infection  due  to  tlu- 
spirochete  found  in  the  local  lesions.  Scrapings  from  the  skin 
of  healthy  hogs  and  from  ihc  normal  skin  of  the  afi'ccted  pigs 
were  found  to  contain  no  si)irochctes.  Cleland  reported  finding 
a  spirochete  in  tumf)rs  following  castration  of  pigs.  He  stated 
that  the  i)resence  of  s])irochetes  in  these  tumors  is  relatively  fre- 
quent in  Australia,  and  that  at  that  time  it  was  impossible  to 
determine  whether  the  si)irochetes  pk'i\  a  role  in  the  pathogenesis 
of  these  tumors  or  whether  thev  are  ordin.irs  s.iprophvtcs  intro- 
duced into  the  wcnmd  at  the  time  of  castration. 

The  purpose  of  this  paper  is  t(J  present  data  w  liich  serxed  as 
a  basis  for  the  tentative  conclusions  noted  aboxe,  Ihe  following 
notes  include  recorded  positive  and  negati\e  findings  resuUini; 
from  the  dark  field  study  of  the  intestinal  niurosa  .ind  external 
lf)cal  lesions  of  normal  and  diseased  hogs. 


Notes  on  Positive  and  Negative  Findings,  Spirochaeta  Hyos, 
in  Tissues  of  Normal  and  Diseased  Hogs. 

POSITIVE    FINDINGS. 

X'arious   dark   field  observations   liave   been   made   of   spleen, 
iynii)hatic  "glands,  li\er,  lungs  and  olber  tissues,  as   well  as  bile 


Fig.    1.      Photoniicrogiaph    of    Spirochccta    hyos    in     exudate,     ear,   lesion,   hog  66; 
.\    1200.      India   ir.k    preparation    (Bnrri   method). 


Fig.    2.      Photomicrograph    of    Spiroclncta    hyos 
X    laOO.      India   ink   preparation    (Burri  method). 


ulcers    from    cecum,    hog  ,728, 


and  urine  of  cholera  hogs.  Some  of  the  tissues  have  also  been 
sectioned  and  stained.  In  so  far  as  our  studies'  have  progressed, 
the  presence  of  Spiroclucta  hyos  has  l)een  demonstrated  with 
uniforniitv  onl\'  in  the  intestinal  mucosa  and  external  local  lesion^ 
of  cholera  hogs,  l-'rom  the  intestinal  lesions  cultures  of  Spiro- 
chccta  lixos  have  been  grown  through  three  generations  on  arti- 
ficial media  and  typical  hog  cholera  produced  from  the  cultures 
(  journ.  Inf.  Dis.,  \'ol.  i;i.  r.M:!.  p.   Ki-i). 

The  jiresence  of  Spiroclucia  hyos  in  tissues  of  normal  and 
diseased  hogs  has  been  noted  in  171  cases  as  shown  in  the  follow- 
ing table.  -Ml  observations  have  been  made  from  fresh  tissue  or 
tissue  exudate,  by  means  of  the  dark  held. 


Table  I. 

Spirochaeta  hyos.    Positive  findings  in  tissues  of  diseased  and 

Normal  Hogs. 


No. 
cases 

Treatment 

Clinical  con- 
dition 

Autopsy 
findings 

CJondition  of 
animals 

Tissues  examined 

by  Dark-Field 

method 

Nature  of  results, 
as  control  ob- 
servations 

87 

Exposed  to  Hog 
cholera    by   in- 
jection of  virus 

Typical   Hog 
cholera 

Positive 

H.  cholera 

Ulcers  and  scrap- 
ings from  mu- 
cosa of  cecum 

Positive 

22 

idem 

Typical  H.  C. 
complicated 
by  septicae- 
mia 

idem 

H.       cholera 
and      septi- 
caemia 

idem 

idem 

1 

" 

Typical   Hog 
cholera 

" 

H.  cholera 

Inguinal  gland 

1 

jj 

idem 

II 

idem 

Testes 

„ 

22 

" 

" 

" 

>» 

Local  lesion  ear. 
Necrotic    tissue 
around  ear  tag 

" 

33 

" 

»» 

" 

" 

Local  lesions  on 
legs  or  abdomi- 
nal region 

IT 

^ 

Treated  withexp. 
vaccine.  P^xpos- 
ed  toH.C,  re- 
leased,      killed 
and  autopsied 

MUdH.C.and 
recovery    or 
reaction  fol- 
lowing  exp. 
vaccination 

Normal 

Immune 

Crypts  in  cecum 

Positive,  assum- 
ing that  these 
immunea  were 
"carriers" 

Xo    ccjinments   on    llu'    ab(i\c    labnlalrd    rt'sull^    arc    n 
except  perhaps  brief  detailed  data  concerning  •">  cases  of 


animals,  in  the     intestinal  crypts  of  which  Spirnclucta  liyos  was 
found.     These  animals  were  treated  as  follows : 

Hog  A. 

H.  S.  v.*  (IV.  11).     Cholera  (acute). 

Mercur\-  preparation   (IV.  16). 

Mercury  preparation   {W.  24).     Recovery. 

Released   (IV.  30). 

Killed  and  examined  (\'I.  27).  .S>.  Iiyos  found  in  cryi)ts  in  cecum. 
Hog  649. 

Exp.  vaccine   (\"III.  25). 

Exp.  vaccine   (IX.  9).     Strong   reaction. 

H.  C.  S.  (IX.  23).     Immune. 

Killed  and  examined  (XI.  18).  .V/'.  Iiyos  present  in  crypts  of  cecum. 
Hog  633. 

Exp.  vaccine   (\'III.  28).     Strong  reaction. 

H.  C.  S.   (IX.  2.5).     Iveaction,  immune. 

Killed  and  examined  (XI.  16).  .Sp.  Iiyos  present  in  crypts  of  cecum. 
Hog  668. 

Exp.  vaccine   (IX.  30).     Mild  reaction. 

Exp.  vaccine   (X.  7). 

H.  C.  S.   (X.  18).     Immune. 

Killed  and  examined  (XI.  16).  .Sp.  Iiyo.s-  present  in  crypts  of  cecum. 
Hog  678. 

Exp.  vaccine   CX.  11).     Reaction. 

Exp.  vaccine   (X.  23). 

Exp.  vaccine   (.XI.  3). 

H.  C.  S.   (XI.  13).     Reaction,  innnunc. 

Killed  and  examined  (XI.  22).    .Sp.  /;,V('.s-  present  in  crypts  in  cecum. 

These  immune  hogs,  on  being  killed  and  material  from  crypts 
of  ceca  submitted  to  dark  field  examination,  gave  positive  findings 
after  the  following  intervals  subsequent  to  exposure: 

Hog  A.     after  11  weeks. 

"      649,      "  8       " 
"      633,      "         7       "         and  5  davs. 

"     668.      "  4      "  "1      "' 

"      678,      "  10  day.s. 

These  fi\e  animals  were  normal  and  in  excellent  condition 
vhen  killed  and  examined.  The  presence  of  Spiroclucta  Iiyos 
in  the  crypts  of  the  ceca  would  possibly  indicate  that  they  should 


"11.    S.    V.   and    II.   (".   S.   occiining  in    these   notes   indicate   horse   seiuni    virus  and 
hog  cliolera  serinii,   rcsiieclively. 


be  classed  as  "carriers."  if  it  were  assumed  that  the  organism  in 
question  is  of  etiological  significance.  Some  investigators  are 
inclined  to  recognize  the  probability  of  immune  hogs  acting  as 
carriers  of  hog  cholera  virus  for  a  variable  period  of  time  follow- 
ing active  immunization.  There  is  no  serious  reason  why  such 
a  phenomenon  should  not  apply  to  hog  cholera  as  well  as  to  some 
other  specific  infectious  diseases.  Should  such  a  hypothesis 
appear  unreasonable,  it  might  be  suggested  that  in  the  case  of 
these  live  immune  animals  Spirochccta  Jiyos  still  remained  local- 
ized in  the  intestine  in  an  attenuated  condition. 

A  suspension  was  made  of  material  from  the  crypts  in  the 
cecum  of  Hog  A,  which  contained  forms  morphologically  similar 
to  Spirochccta  hyos.  11  weeks  after  the  animal  had  received  hog 
cholera  virus  or  about  .S  weeks  after  full  recovery.  2  c.c.  of 
the  suspension  was  injected,  intramuscularly,  in  HU).  Sec  Clinical 
Chart  below. 

.\i:(i.\Tl\-K    FlNDiNCS. 

1.     Ulcers  and  Intestinal  Mucosa. 

The  mucosa  of  the  large  intestine,  and  contents  of  the  crypts 
of  the  ceca  of  hogs,  contain  many  spirilla  which  arc  evidently 
constituents  of  the  normal  flora.  It  is  also  possible  that  various 
spirochetes  are  found  in  the  normal  intestinal  flora  of  swine. 
However,  careful  dark  field  examination  of  material  from  the 
intestinal  mucosa  of  a  number  (jf  hogs  not  affected  with  cholera 
failed  to  reveal  the  presence  of  organisms  ])()ss'jssing  ihc  rhara(^ 
tcrs  of  Spiroclucta  hyos. 

In  certain  cases  where  positive  hndings  are  made  fi-oni  intes- 
tinal lesions,  it  is  necessary  to  study  several  specimens  in  the 
dark  held  before  Spirochccta  hyos  can  be  found.  More  often,  in 
|)ositive  cases  of  hog  cholera,  the  organism  can  be  detected  almost 
instantly  in  the  first  microscoi)ical  ])rcparati()n  examined,  'fhe 
age  and  condition  of  the  ulcers  a])pear  to  have  an  important 
bearing  on  ihc  localization  of  the  s])irociictc.  It  has  been  found 
with  unif(jrmity  in  young,  developing  ulcers,  while  in  old,  necrotic 
and  healing  ulcers  it  is  frequently  absent.  In  the  latter  condition 
the  spirochete  is  usually  present  in  the  cry])ts  .aronnd  the  ileo- 
cecal valve.  In  conducting  the  dark  iii'ld  fxaniiiiation>  of  ma- 
te-rial   from  positive  cases  of  hog  chok-ra,  usuall\    no  (litlicnh\    is 
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experienced  in  finding  Spirochccta  hyos  if  one  mounts,  in  a  drop 
of  sterile  water,  a  small  bit  of  tissue  from  the  edge  of  an  intes- 
tinal ulcer  or  the  contents  of  a  crypt  in  close  proximity  to  tlie  ileo- 
cecal valve. 

In  attempting  to  demonstrate  Spirochccta  hyos  in  the  intestinal 
mucosa,  negative  findings  have  resulted  from  the  study  of  -14 
cases.    These  are  shown  in  table  II. 

A  summary  of  the  above  table  shows  that  the  organism  was 
not  found  in  the  intestinal  mucosa  in  the  following  cases : 

31   hogs,  susceptible  to  hog  cholera  or  immune  to  the  disease. 
3  hogs,  typical  hog  cholera,  but  treated  with  toxic  doses  of 

mercuric  and  arsenical  preparations. 
-1  hogs,  typical  hog  cholera,  but  Spirochccta  hyos  found  in 

external  local  lesions. 
5  hogs,  typical  hog  cholera.     Negative  control  findings. 

In  the  first  group  of  31  animals,  nine  had  not  been  exposed 
to  hog  cholera.  This  affords  some  valuable  data  inasriiuch  as  it 
is  difiicult  to  obtain  intestinal  mucosa  from  hogs  known  to  be 
normal  and  susceptible  to  hog  cholera.  We  have  found  that  it  is 
practically  impossible  to  obtain  such  material  from  packing 
houses. 

Negative  findings  are  recorded  from  the  examination  of  the 
ulcers  and  crypts  of  eight  cases  of  typical  hog  cholera.  In  three 
of  these,  however,  the  spirochete  was  found  in  external  local 
lesions,  leaving  five  cases  out  of  the  series  of  forty-four  which 
present  negative  control  findings.  Perhaps  this  may  be  explained 
as  a  discrepancy  due  to  faulty  technique  or  lack  of  sufficient  dark 
field  study  of  the  cases  in  question.  Such  an  explanation  is  reas- 
onable when  the  results  from  the  whole  experimental  series  are 
considered. 

2.  External  Local  Lesions. 

The  most  significant  positive  findings  of  Spirochccta  hyos.  in 
cases  of  hog  cholera,  are  those  from  external  local  lesions.  The 
data  offered  relative  to  the  presence  of  Spirochccta  hyos  in  local 
lesions,  while  not  extensive,  has  an  important  bearing  on  the 
suggestion  that  this  organism  may  be  associated  with  the  etiology 
of  hog  cholera.  In  typical  cases  of  the  disease,  where  local  ex- 
ternal lesions  with  necrosis  or  suppuration  have  occurred,  Spiro- 
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cliccfa  lixos  has  been  found  with  uniformity.     Tlic  cx])Ci"inient  is 
controlled  by  a  series  of  negative  findings. 

In  the  above  series  of  nineteen  animals,  in  which  the  spiro- 
chete was  not  found  in  local  lesions,  the  cases  are  grouped  as 
follows : 

7  hogs,  immune  to  hog  cholera. 

8  hogs,  typical  hog  cholera.    Examination  made  of  bruises  or 

local  lesions  ;  tissue  not  necrotic.  Spirochccta  Iiyos  found 
in  ulcers  or  crypts. 

2  hogs,  susceptible  to  hog  cholera,  not  exposed. 

1  hog,  typical  hog  cholera,  Spirochccta  Jiyos,  not  present  in 
fresh  abraded  surface  on  ear,  but  found  in  same  lesion 
after  ten  days. 

1  liog,  hog  cholera  (and  septicciemia)  ;  Spirochccta  h\os  not 
found  in  local  lesion  or  intestinal  mucosa.  Negative  con- 
trol findings. 

In  the  first  of  the  above  groups,  consisting  of  seven  immune 
animals,  six  hogs  (673,  "no  number,"  668,  693,  693  and  691) 
exhibited  lesions,  which,  according  to  our  experience,  probably 
would  have  contained  Spirochccta  hyos  had  the  animals  been 
sufifering  from  hog  cholera. 

Of  the  whole  series,  seven  animals  showed  external  local  tissue 
aljrasions,  or  areas  of  skin  and  subcutaneous  tissue  necrosis, 
before  they  w^ere  exposed  to  hog  cholera.  The  absence  of  the 
spirochete  in  these  lesions  afifords  valuable  control  data. 

In  one  case  only,  hog  684,  which  on  autopsy  showed  lesions 
of  hog  cholera  complicated  by  septicaemia,  the  spirochete  was 
found  in  neither  local  external  lesions  nor  intestinal  mucosa. 

In  addition  to  the  above  data,  three  cases  of  hog  cholera  have 
been  under  observation,  from  the  local  lesions  of  which  Spiro- 
chceta  hyos  has  gradually  disappared  during  convalescence. 
These  results  appear  in  the  following  clinical  charts  of  hogs  6-15, 
670,  and  723. 

The  data  contained  in  the  present  investigation  represent  the 
results  of  dark  field  examinations  of  material  from  237  cases 
of  normal  and  diseased  hogs.  The  material  was  obtained  from 
intestinal  mucosa,  including  crypts  and  ulcers,  and  local  external 
lesions.  The  cases  consisted  of  susceptible  hogs,  those  sufi^ering 
from  hog  cholera,  those  immune  to  the  disease,  and  those  aft'ected 


Table  HI. 

No.  , 

of  i        Treatment 
hog. 

Clinical  conditions 

Manner  of 
disposal 

Autopsy  findings 

673  Exp.  vaccine  (X.  6) 
]  H.C.  serum  (X. 27) 

Slight  reaction 

Released 

- 

1 
No.  'h.  C.  serum 
num- 
ber ' 

idem 

(VI.  27)  Released, 
killed  and  aut- 
opsied 

Normal 

670 

H.  C.  serum  (X.  1) 

Strong  reaction,  sick 
5   days,   rapid   re- 
covery 

Released 

" 

668 

Exp.  vaccine 
(IX.  30)  (X.  7) 
H.  S.  virus  (X.  18) 

Slight  reaction 

Released  (X.  24) 

693  lExp.  vaccine  (X.  29) 
'  (f  I.  7)  H.  C.  virus 
(XI.  13) 

idem 

Released.  Devel- 
oped    septicae- 
mia, kiUed  and 
autopsied 

(XII.  1).  No  lesions  of 
H.  C.  Blood  cultures 
positive.  Cocci  and  ba- 
cilli 

692  j             idem 

» 

idem 

(XII.  3)  idem 

691  i 

» 

" 

(XI.  24)  idem 

628 

Culture  (VII.  3) 
H.  C.  serum 
(VII.  27) 

Reaction  from  cul- 
ture.  Chronic  cho- 
lera   from    H.    C. 
serum 

(Died).     Autop- 
sied 

(IX.  24).  Typical  lesions 
of  H.  cholera 

661 

H.C.  serum  (IX. 23) 

H.    cholera,    acute 
form 

Bled  and  autop- 
sied 

(X.  3)  idem 

658 

(IX.  20)  H.  S.  virus 

idem 

idem 

(X.  14)  idem 

654 

Culture  (Vin.  28) 
Exp.  vaccine  (IX. 
20)   H.   C.   serum 

(X.  1) 

H.     cholera,     sub- 
acute form 

" 

(X.  27)  idem 

694  'h.  C.  virufl  (X.  31) 

H.    cholera,    acute 
form 

" 

(XI.  13)  idem 

718  H.C.  serum (XI.  26) 

H.      cholera,     sub- 
acute form 

(Died).     Autop- 
sied 

(XII.  1).  Lesions  of 
H.  cholera  and  septi- 
caemia. Also  infested 
with  Ascaroides  suella 

685 

Exp.  vaccine  (X. 20) 
H.C.  serum  (XL 3) 

H.      cholera      and 
septicaemia 

Killed  and  autop- 
sied 

(XI.  15).  Lesions  of  H. 
C.  and  septicaemia. 
Blood  cultures  positive. 
Cocci  and  bacilli 

683 

idem 

idem 

idem 

idem 
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Spirochaeta,  Negative  fmdings  in  external  local  lesions. 


Condition  of  animal 


Local  lesions  examined  by 
Dark-field  method 


Nature  of  results  as  control 
observations 


Normal,    actively    im- 
mune animal 


Normal, 
mune 


natural    im- 


Normal,    actively 
munized  animal 


idem 


Immune  to  H.  C.  de- 
veloped septic  infec- 
tion 


idem 


H.     cholera, 
form 


chronic 


H.  cholera,  acute  form 


idem 


H.     cholera, 
form 


subacute 


H.  cholera,  acute  form 

H.  cholera,  septicaemia 
and  infested  with  as- 
caroides 

H.  cholera  and  septi- 
caemia 


idem 


(X.  7).  Skin  lesion  3  cm.  in 
diameter  on  ventral  surface  of 
body 

(VI.  27).  Skin  lesion  on  right 
lumbar  region 

(X.  24),  Darkened  area  on  mar- 
gin of  ear 

(X.  24).  Small  purulent  exudate 
around  ear  tag,  right  ear.  Ma- 
terial secured  on  two  successive 
days  and  examined 

(XI.  4).  Ear,  smaU.  exudate 
around  tag.  (XI.  5).  Check 
exam,  ear;  also  small  dry  skin 
lesion  on  ventral  surface 

(XI.  5).  Ear,  small  exudate  aro- 
und tag 

(XI.  24).  Small  exudate  around 
ear  tag 

(VIII.  15).  Bruised  areas  just 
above  hoof 


(X.  2).  Slightly  abraded  right 
ear  under  tag.  Tissue  not  nee 
rotic 

idem 


(X.  27),    Small  darkened  area  on 
margin  of  ear 


(XI.  4),  Before  symptoms.  Small, 
pxirulent  exudate  around  tag 

(XII.  1).      Ear,    small    abrasion 
under  tag 


(XI,  3),  Before  exposure  to  H. 
C.  SmaU  abraded  surface  under 
tag,  right  ear 

idem 


Immune  animals.    Positive 
control  findings 


Animals  immune  and  suffering 

from    septicaemia.      Positive 

control  findings 


Typical    cases    of    hog    cho- 
lera 

Spirochaeta  hyos    found 

in  ulcers   and  crypts. 

Positive  control  findings 


Animals  suffering  from  hog 
cholera  and  septicaemia,  Spi- 
rochaeta hyos  found  in 
ulcers  and  crypts  pos,  control 
findings 
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of            Treatment           Clinical  conditions  i        (^gposaf              Autopsy  findings 
hog. \ 1_ \ _^ 

684  Exp.  vaccine  (X.20)  H.  cholera  and  sep-  Killed  and  autop- 
H.  C.  serum  (XI.  3)|  ticaemia  1  sied 


705  Exp.vaccine(XI.13);(Xl.  28).  Symptoms'  idem 

,  (XI.  20).    Not  ex-j  of  septicaemia 
posed  to  H.  C. 

731  No  treatment.  Siis-  Symptoms  of  septi- 
ceptible  animal  caemia 


(XL  15).  Lesions  of  H. 
C.  and  septicaemia. 
Blood  cultures  positive. 
Cocci  and  bacilli 

(XII.  1).  No  lesions  of 

cholera.  Blood  cultures 

positive.  Cocci  and  ba- 
cilli 

(XII.  3)  idem 


675  H.  S.  virus  (X.  9)  !H.    cholera,     acute  (Died).      Autop- (XL  2).    Typical    lesions 
form  sied  of  H.  cholera 


with  disease  other  than  hog  cholera.  In  this  series  of  237  cases, 
five  negative  control  findings  were  observed.  The  results  would 
strongly  suggest  that  SplrocJucta  liyos  is  ])ractically  always  pres- 
ent either  in  the  intestinal  ulcers  or  local  external  lesions  of  hogs 
suffering  from  hog  cholera.  Spirochccta  hyos  has  not  been  found 
in  normal  hogs,  but  the  data  are  not  sufficiently  extensive  at  pres- 
ent to  warrant  the  conclusioii  that  the  organism  is  never  i)rcsent  in 
the  normal  intestinal  mucosa.  Spirochccta  hyos  has  been  fotmd 
to  disappear  in  the  external  local  lesions  of  animals  convalescent 
from  hog  cholera. 

'ihe  question  oi  filtration  of  s])irochclcs  is  occupying  our  at- 
tention at  present.  We  have  already  rejKjrted  successful  infection 
of  healthy  i)igs  with  hog  cholera  from  the  injection  of  the  Pjerke- 
feld  filtrate^  of  impure  cultures  of  Spirochccta  hyos. 

A  recent  j^rcliminary  i)ul)licalion  (  I'i)  records  the  passage  of 
Spiroch(Cta  hyos  through  i'c-rkcfebl  filter  .\.  \W  this  method  we 
have  found  it  jKJssible  to  secure  i)urc  cultures  of  the  organism. 
'I"he  results  are  in  accordance  with  those  published  by  Dujardiii- 
P.eaumet/.  (  1:5)  in  the  study  (»f  the  virus  of  pleuropneumonia,  and 
also  by  Wolbach  and  iiinger  (11).  who  recently  re])orled  the 
successful  cultivation  of  two  filterable  spirochetes  {Spirochccta 
cinsa  and  Spirochccta  hilJcxa),  both  new  species  isolated  from 
water. 
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Condition  of  animal 


Local  lesions  examined  by 
Dark-field  method 


Nature  of  results  as  control 
observations 


H.   cholera  and    septi-  (XI.  3).    Before   exposure  toH.'jSpirochaeta     hyos     not 
"""'■'        "  '         found     in     ulcers     orcrypts 

of  this  case.   Negative  control 
findings 


Septicaemia 


C.   Small  abraded  surface  under 
tag,  right  ear 


(XII.  1).      Ear, 
under  tag 


small    abrasion 


idem 


(XII.  3).  Dry  skin  lesion  con- 
taining necrotic  tissue  on  ventral 
surface  of  body 


H.  cholera,  acute  form  (X.  14). 

on  ear,  result  of  fighting 


Not  exposed  in   any   way  to 

H.  cholera.     Positive   control 

findings 


1  Tyi  .  . 

Irochaeta  hyos  found  in 
[ear  lesion  (X.  24).  Positive 
J  control  findings 


We  have  made  experimental  use  of  salvarsan  and  neosalvar- 
san  in  the  treatment  of  a  few  cases  of  hog  cholera  with  negative 
results ;  however,  it  is  yet  too  early  in  the  history  of  salvarsan  to 
regard  it  as  a  specific  for  all  diseases  due  to  spirochetes.  As 
mentioned  in  a  previous  report  (Joiiyn.  Inf.  Dis.,  \o\.  13,  1913, 
p.  4G1),  we  have  been  able  to  obtain  prolongation  of  life  from  the 
experimental  curative  treatment  of  cases  of  hog  cholera  with  some 
arsenical  and  mercurial  preparations. 

From  the  findings  of  Dodd  and  Cleland,  it  might  be  inferred 
that  spirochetes  are  common  invaders  of  external  wounds  or 
abraded  skin  surfaces  occurring  in  pigs,  as  these  organisms  are 
frequently  present  in  decomposing  organic  matter  with  which 
swine  come  in  contact  in  their  natural  environment.  This  argu- 
ment does  not  apply  to  SpirocJucta  hyos  as  we  have  found  it  in 
subcutaneous,  unabraded  lesions  which  have  never  been  exposed 
to  external  contamination. 

On  account  of  the  difficulty  involved  in  securing  pure  cultures 
of  Spirochrcta  hyos,  we  have  not  yet  been  able  to  come  to  any 
definite  conclusion  in  regard  to  its  pathogenic  properties.  How- 
ever, supported  by  the  evidence  which  we  have  presented,  we 
may  repeat  our  former  conclusion  that  at  the  present  time  "Spiro- 
chccta  hyos  is  more  nearly  established  as  the  specific  cause  of  hog- 
cholera  than  any  other  known  organism." 
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June  27.     2  c.  c.  suspension  of  material  from  immune  animal. 
July  7-9.  Slight  reaction  ;  indications  of  malaise,  anorexia. 
July  16.     Animal  had  been  fighting. 
July  24.     Animal  released  as  normal. 
Aug.    2.     Animal  butchered.     All  tissues  normal, 
jircsent  in  crypts  of  cecum. 
Curve   1. 


SpirocJurlu   hyos    not 


A 
28 

J9 

29 

30 

31 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lo 
11 

12 

Vo 
13 

.  6 

14 

45 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2B 

26 

27 

28 

29 

30 

1 

10£l° 

/I 

A 

~~ 

~" 

■~ 

/ 

/ 

/ 

A 

i^ 

... 

/ 

\/ 

A 

hn 

c2    10** 

J 

\ 

r- 

^ 

" 

_. 

_. 

._ 

\i 

5^ 

/ 

N 

J 

V 

I.     '01' 

~ 

91° 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

















_ 



_ 





_ 

_ 

good 
rillc  ( 


Aug.  28.     Intramuscular  injection  8  c.  c 
587  (VII.  3.  13)   (VIII.  26. 
Sept.  16.     Anorexia ;   looks   fairly   well. 
Sept.  17.     Appetite  poor,  feces  good,  eye 
Sept.  20.     Appetite  poor,  little  weak  and 
Sept.  22.     Appetite  better,  feces  good. 
Sept.  29.     Anorexia,  lungs  weak;  car  nuicli  swoll 
Sept.  27.     Spirocltccta  hyos  present  in  ear  lesion. 
Sept.  29.     Spirnchcctd  hyos  ])resent   in  car  lesion. 
Curve  2. 
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Very  Sick. 
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Seems  better. 
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Released  as  immune. 

Oct. 

2. 

Spirochcctcc  Iiyos  present  in 
ear  lesion. 

Oct. 

8. 

Few  Spiroclicetce  Iiyos  pres- 
ent in  ear  lesion. 

Oct. 

24. 

No  Spirochata  liyos  found 
in  healing  ear  lesion. 

Curve  3. 
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Oct.    1.  Intramuscular  injection  2  c.  c.  virus  b56.  Cycle  1. 

Oct.    7.  Seems  a  little  sick. 

Oct.  10.  Weaker,  looking  gaunt. 

Oct.  13.  Eats  well,  has  a  chill. 

Oct.  14.  Eats  fair,  chill. 

Oct.  15.  Normal. 

Oct.  22.  Released  as  immune. 

Oct.    8.  Spirochceta  hyos  present   in  small  lesion,  ear,  under  tag. 

Oct.  24.  Spirochceta  hyos  not  present  in  ear  lesion,  practically  healed. 

Curve  4. 
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Had    lieeii    confined    for    few    days    with    lio.us    suffeiiiif;    from 
cholera.     Intramuscular  injection  1   c.   c.  Exp.  Vac.  I\'. 

Very  sick,  probalily  chronic  cholera;  2  c.  c.  Exp.  Vac.  W . 

Good  appetite. 

Intramuscular  injection  1  c.  c.  Exp.  \'ac.  IV. 

Intramuscular  injection  3  c.  c.  Exp.  \'ac.  IV. 

Condition   better. 

Fine  condition  ;   pood   apjietite. 

Good  appetite. 

Released  as  immune. 

Many  Spirochcctcc  liyos  in  small  i 
tag. 

Very  few  Spirocluctcc  liyos  in  ear 

Xo  Spirochetes  in  ear  lesion. 

Curve  5. 


ulcnt  fxudate  mi  ear,  under 


zus.\M  M  i-:.\  iw.ssrNc. 

i)ic  ill  (Icr  vorlifj^endcii  .Xrhcil  eiUlialtciK'H  .\ul;;i1)l'11  siiid  die 
kcstiltate  von  Dunkcl  fcld])rufunjj;-cn  bei  -!'-\',  l'";ilk'ii  iioniKiUT  uiid 
kranker  Schweinc.  Das  Material  slanimte  \()ii  Darmstlileiinliaut 
niit  Kryptcn  und  (iesoluvuren  sowie  iius.^eren  IdkaUii  1  .risioiu'ii. 
Die  Falle  Ijestandcn  aiis  eni])f;inj.^liehen  Scliw  eineii.  uiid  /.war 
Icils  'I'iereii,  die  an  Srliwcinepest  litteii.  U'ils  soU-luii,  die  ,li:et,a'n 
die  Krankheit  iinimin  wareii,  niid  eiidlieli  soUlieii,  die  mil  einer 
ander\veitij.(eii  Kranklieit  als  Si-liwc-inepesl  lidiaflet  \\ai\'ii.  In 
dieser  Serie  von  •.':;■;  I'";dlen  wurden  .")  ne.L^alive  Kdiitrollliefniide 
heoliaelitel.  Die  l'',r<,n'l)nisse  wi'isen  mil  D.  ullirlikeil  daraut  liin, 
dass  die  Splroclucla  liyos  ininier  1»ei  an  Srli\vt'iMr|ii'sl  t-rkranklen 


Schwcincn  zu  linden  \A.  sei  es  in  den  Darmgeschwuren  oder  in 
den  jiusscrcn  lokalen  J.asioncn  dcr  Tiere.  Die  Spirochccta  hyos 
wurde  in  gesunden  Schwcinen  nicht  gefunden,  jedoch  sind  die 
Ik'funde  zurzeit  nicht  ausgedehnt  genug,  om  den  Schluss  zu 
gestatten,  dass  der  Organisnuis  in  der  normalen  Darmsclileinihaut 
nie  vorhanden  sei.  .Ik'i  Tieren,  die  von  Schweinepest  genasen. 
i^t  in  den  iinsseren  lokalen  I.;isionen  das  \'ersch\vinden  der  Spiro- 
cJucta  hyos  festgestellt  worden. 

\\\v  koninien  zur  Frage  l)etreffend  die  l^^iltrierung  der  Spiro- 
chciten.  W'ir  haben  schon  liber  die  erfolgreiche  Infektion  gesunder 
Schweine  mit  Schweinepest  berichtet.  die  nach  der  Injektion  von 
r.erkefeld-Filtratcn  unreiner  Kulturen  von  Spirochceta  hyos  ein- 
trat.  In  einer  kiirzHch  erschienenen  vorlaiihgen  Mittellung  (12) 
wird  iiber  das  Durchtreten  der  SpirochLCCta  hyos  (kircli  Berkefeld- 
h'ilder  X  l)erichtet.  Durch  (he^-e  ^lethode  wurde  es  uns  ermo- 
ghcht,  den  Organismus  in  Reinkultur  zu  erhalten.  Die  Ergeb- 
nisse  stimmen  iiberein  mit  denjenigen,  die  Dujardin-Beaumetz 
(  ]  ;> )  veroffentHchte  bei  Untersuchungen  iiber  das  Virus  der 
Plcurpneumonie,  ferner  Wolbach  und  Bingen  (14),  welche  vor 
kurzem  iiber  die  erfolgreiche  Ziichtung  zweier  filtrierbarer  Spiro- 
chaten  {Spirochccta  cliisa  und  Spirochccta  biflcxa)  berichteten.  die 
beide  nene,  aus  W'asser  isolierte  Arten  darstellen. 

W'ir  haben  bei  der  Behandlung  einiger  Falle  von  Schweine- 
l)est  \ersuchs\veise  Salvarsan  und  Neosalvarsan  mit  negativem 
Resultate  angewandt ;  jedenfalls  stehen  wir  noch  zu  sehr  im 
Anfang  der  ("re^chichte  d:s  Salvarsans,  als  dass  wir  die  Berechti- 
gung  hc'itten,  es  fiir  ein  Spezifikum  bei  alien  Spirochaten-krank- 
heiten  zu  halten.  \\'ie  in  einem  friiheren  Bericht  (Joiirn.  Inf. 
His..  \o\.  l-'i,  liJl."),  p.  4()-l)  erwahnt  wurde,  gelang  es  uns,  durch 
die  experimentelle  Behandlung  von  Schweinepestfallen  mit  eini- 
gen  Arsen-  und  Quecksill^erpraparaten  eine  V'erlangerung  des 
Lebens  zu  erzielen. 

Aus  den  Befunden  von  Dodd  und  Cleland  konnte  man 
schliessen.  dass  Spirochaten  gemeine  Bewohner  iuisserer  W'un- 
den  oder  abgeschabter  Hautstellen  bei  Schweinen  seien,  indem 
diese  Organismen  oft  in  sich  zersetzendem  organischen  Material 
vorhanden  sind.  mit  dem  die  Schweine  in  ihrer  natiirlichen  Umge- 
])ung  in  Biruhrung  kommen.  Dieser  Schluss  lasst  sich  nicht  an- 
wenden    ;iuf    S pirochccfa    hyos.    da    wir    dieselbe    in    sul)kutanen. 


nicht  offenen  Lasionen  gefunden  haben,  welche  niemals  einer  von 
aussen  kommenderi  \"erunreinigung  ausgesetzt  waren. 

In  Anbetracht  der  Schwierigkeiten,  die  sich  der  Herstellung 
von  Reinkulturen  der  Spirochcrta  hyos  entgegenstellen,  ist  es  uns 
noch  nicht  geltingen,  zii  einem  abschliessenden  Urteil  beziiglich 
ihrer  pathogenen  Eigenschaften  zu  gelangen.  Jedenfalls  moch- 
ten  wir,  gestiitzt  auf  die  Beweise,  die  wir  erbracht  haben,  unseren 
triiheren  Schlnss  wiederholen,  dass  zurzeit  ,Spiroch(cta  hyos 
naher  als  irgend  ein  anderer  bekannter  Organismus  als  die  spe- 
zihsche  Ursache  der  Schweinepest  gekennzeichnet  ist." 
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THE  PHARMACY  OF  ADRENALIN. 

C.  p.  Beckwitii. 

Adrenalin  lias  to-day  a  well-established  place  in  the  materia 
niedica.  In  therapy,  its  field  is  large  and  expanding.  Its  chem- 
istry and  pharmacology  have  been  studied  elaborately.  Of  i?s 
pharmacy,  however,  comparatively  little  has  been  written.  In 
dispensing  this  sensitive  substance,  there  is  much  opportunity  for 
error.  I  believe  it  a  moderate  estimate  that  of  adrenalin-contain- 
ing prescriptions  met  in  actual  practice,  more  than  half  are  either 
ill-written  or  improperly  compounded.  In  the  present  paper,  it 
is  proposed  to  discuss  briefly  the  pharmacy  of  adrenalin,  and, 
particularly,  to  suggest  certain  expedients  and  precautions  favor- 
ing the  conservation  of  its  activity  alone  and  in  mixture. 

The  structural  formula,  when  known,  constitutes  perhaps  the 
most  precise  possible  definition  of  a  pure  chemical  compound. 
In  the  case  of  adrenalin,  the  formula  has  been  established  beyond 
doubt,  by  both  analysis  and  synthesis ;  for  the  sake  of  precision, 
therefore,  let  us  define  adrenalin  as  the  Isevo-rotatory  isomer  of 
the  formula, 

HO— C 
/  \ 
HO— C         CH 

I  I 

HC  C— CH(OH)— CH.— NH(CH:,) 

\  / 

C 

H 

The  dextro-rotatory  isomer  of  the  same  formula,  which  has 
been  found  in  the  synthetic  product  only,  is  probably  nearly  or 
cjuite  inert. 

While  this  formula  is  before  us,  it  is  well  to  observe  that  the 
molecule  contains  groups  that  characterize  it  at  once  as  an  amine 
base,  an  alcohol  and  a  phenol — an  observation  that  will  help  to 
a  clearer  understanding  of  its  chemical  behavior. 

Adrenalin  occurs  naturally  in  the  medulla  of  the  suprarenal 
gland  of  vertebrate  animals,  including  man.     Suprarenal  glands 
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of  oxen,  which  are  most  readily  obtainable  in  sufficient  amount, 
supply  the  adrenalin  of  commerce.  We  have  no  reason  to  doubt, 
however,  that  the  natural  substance  is  the  same  from  whatever 
animal  obtained. 

Details  of  a  j^rocess.  identical  in  all  essential  points  with  that 
used  on  the  manufacturing  scale  for  the  isolation  of  adrenalin 
from  the  gland  tissue,  may  bs  found  in  an  article  by  Dr.  Taka- 
mine  in  the  American  Journal  of  Pharmacy,  November.  1901. 

Adrenalin  of  commerce,  a  nearly  white  micro-crystalline  pow- 
der, is  sul)stantially  pure,  containing  a  very  small  fraction  only  of 
foreign  matter.  When  ])roperly  stored,  the  pure  crystals  will 
remain  unchanged  for  many  years  or  perhaps  indefinitely,  but 
certain  precautions  should  be  observed  as  to  the  conditions  of 
storage.  Air.  ammonia  and  certain  other  gases,  moisture,  strong 
light  and  heat,  are  in  different  degrees  injurious.  Under  the 
combined  action  of  air  and  moisture,  adrenalin  is  decomposed 
rapidly.  It  is  well,  therefore,  to  store  the  product  away  from 
strong  liglit  and  heat,  in  absolutely  dry  glass  bottles  or  tubes, 
sealed  air-tight.  The  drying  of  the  container  should  be  very 
thorough  indeed,  and  of  course  the  substance  itself  sliould  be 
(|uite  dry.  A  further  precaution,  superfluous  however  in  ordi- 
nary practice,  is  to  displace  the  air  from  the  container  with  a  dry 
inert  gas.  So  protected  and  hermetically  sealed,  it  is  jirobable 
that  adrenalin  would  ])nne  absolutely  permanent. 

'The  ])uro  substance  is  slightly  soluble  in  cold  water,  and  to  a 
somewhat  greater  extent  in  hot  water.  Other  ordinary  simple 
solvents  dissolve  it  very  liille,  if  at  all,  though  aqueous  solutions 
of  certain  salts  have  a  marked  solvent  action.  For  instance,  a 
strong  ac|ueous  solution  of  a  borate  dissolves  adrenalin  abund- 
antly, and  borates  prt-venl  its  precipitation  by  alkalies  from  solu- 
tions of  its  salts.  Also,  a  strong  a(|Ueous  solution  of  choinic.illy 
ni'Utral  adrenalin  chlori(k'  will  dissolve  an  apprciiablc  ,iniount  of 
the  adrenalin  base. 

In  \irtue  of  i^  phenol  function  it  forms  water  solulil  ■  coni- 
poun<N  with  lixc'd  causiir  ;dk;dii'S,  but  not  with  tlu'ir  c.irhon.ites 
nor  with  rnnnionia.  I  Umuh',  from  strong  solutions  of  most  of  its 
salts,  while  the  adrenalin  b.ise  is  partly  precipitated  by  hydrox- 
ides or  carbonates  of  stroDg  .alkalies  including  ammonium,  it  is  re- 
diss(»lved  bv  t  xi-ess  of  the  fixed  caustic  alkalies  onlw 


Xone  of  the  solutions  mentioned  so  far  is  recommended  for 
use  in  pharmacy,  since  in  all  the  adrenalin  is  oxidized  rapidly  on 
ex])osure  to  air. 

In  virtue  of  its  amine  function,  adrenalin  forms  definite  salts 
with  the  acids,  usually  very  hygroscopic  and  dif^cult  to  preserve 
in  dry  form.  They  are  in  general  very  soluble  in  water  and  in 
alcohol,  and  these  solutions  may  be  made  suf^ciently  stable  for 
all  ordinary  uses.  The  salts  are  not  very  soluble  in  common 
simple  solvents  other  than  water  and  alcohol.  For  most  phar- 
maceutical purposes,  therefore,  we  are  limited  to  the  use  of  the 
salts  of  the  base,  in  aqueous  or  alcoholic  solution. 

I-^or  instance,  desiring  to  make  an  ointment  containing  adren- 
alin, the  best  practice  is  to  prepare,  first,  a  concentrated  aqueous 
solution  of  the  chloride  by  dissolving  adrenalin  in  the  proper 
quantity  of  cold,  moderately  diluted  hydrochloric  acid,  to  incor- 
porate the  solution  with  sufTficient  lanolin,  which  as  you  know  will 
take  up  much  water,  and  to  add,  finally,  whatever  other  ointment 
base  may  be  prescribed.  In  case  the  prescribed  fatty  base  is  mis- 
cible  with  suf^cient  alcohol,  it  may  infrequently  be  advisable  to 
dissolve  the  adrenalin  in  the  proper  proportion  of  alcoholic,  in- 
stead of  aqueous,  hydrochloric  acid. 

\'ery  occasionally,  ointments,  suppositories,  bougies,  etc., 
containing  adrenalin,  are  ordered,  and  the  general  method  for 
ointments  just  outlined  will  suggest  how  they  may  be  prepared. 

Most  commonly,  however,  aqueous  solutions  are  prescribed; 
in  fact  commercial  solution  of  adrenalin  chloride,  rather  than  the 
adrenalin  base,  is  the  usual  starting  point  in  prescription  com- 
pounding. Some  discussion  is  necessary,  therefore,  of  the  com- 
position and  proi)erties  of  this  preparation  and  of  the  precautions 
necessary  to  its  conservation. 

Commercial  solution  of  adrenalin  chloride  contains  one  part 
per  thousand  of  adrenalin  chloride  dissolved  in  physiologic  salt 
solution  with  about  one-half  per  cent  of  chloretone.  Also,  it  is 
nearly  saturated  with  carbon  dioxide  used  in  the  manufactur- 
ing process  to  expel  dissolved  air.  It  is  faintly  acid  in  reaction, 
tastes  of  chloretone  and  salt,  smells  of  chloretone,  and,  when 
fresh,  is  nearly  colorless.  Stored  away  from  strong  light  and 
heat,  with  the  seal  unljroken,  the  solution  will  retain  its  activity 
for  a  long  period.     When,  however,  the  stopper  is  removed  and 


contact  with  air  permitted,  a  new  factor  is  to  be  considered.  The 
oxygen  of  the  air  is  destructive  of  adrenalin.  Given  good  storage, 
the  precaution  most  essential  to  the  preservation  of  the  com- 
mercial solution  of  adrenalin  chloride  is  to  minimize  contact  with 
air.  Only  so  much  as  is  required  for  immediate  use  should  be 
removed  from  the  stock-bottle,  which  should  be  stoppered 
promptly  and  tightly.  With  ordinary  care  in  handling,  there  is, 
within  reasonable  time,  no  necessity  for  serious  loss  through  de- 
terioration. 

The  oxidation  that  occurs  upon  undue  exposure  to  air  is  evi- 
denced bv  change  of  color.  The  solution  becomes  pink,  then  red, 
then  brown,  and  a  brown  precipitate  settles  out.  This  fact  is  not 
without  practical  application,  since  the  color  constitutes  a  rough, 
but  fairly  reliable,  index  of  the  potency  of  the  solution.  Experi- 
ments have  been  made  to  discover,  if  possible,  some  relation  be- 
tween the  shade  of  color  and  the  amount  of  deterioration.  .Solu- 
tions have  been  exposed  freely  to  the  air,  the  several  changes  of 
color  observed,  and  physiological  assays  made  from  time  to  time. 
Of  course,  any  quantitative  statement  based  on  personal  estimate 
of  a  shade  of  color,  is  of  necessity  very  crudely  approximate. 
Bearing  this  in  mind,  however,  and  limiting  the  statement  strictly 
to  the  undiluted  commercial  solution,  we  may  say  that  so  long  as 
the  color  is  not  deeper  in  shade  than  what  most  persons  would 
call  pink,  the  loss  of  activity  is  practically  negligible.  When  it 
becomes  red,  the  loss  of  activity  is  quite  measurable.  Ii  may 
amount  to  10  or  ■^0  ])er  cent  of  the  whole.  Wben  l)ro\\n.  with 
tbe  brown  ])recipitate,  the  solution  should  be  rejcclcd.  though 
even  such  solutions  often  retain  consi(loral)lc  aclivitw 

Aside  from  l\\v  pliysiological  assaw  wliich  is  loo  t-oiuplicatcd 
for  use  in  tlic  ])harmacy,  1  know  of  no  entirely  relialjle  assay 
method  for  adrenalin.  Sc\cral  colorimclric  methods  have  been 
pro])osed,  but  there  is  none  that  1  dare  recommend  as  wholly  ac- 
curate and  trustworthy.  I'hc  colors  are  often  fleeting  and  \ary  in 
tint  with  till'  nature  of  the  sample.  C'erl,i 
tions,  alNO.  are  h\   no  means  s])ecific  for  n 

.\  rough  (pialitative  test,  to  show  tin 
renalin  in  the  eoniinercial  solution  of  .k 
composition  already  stated,  is  b.ised  on 
chloride.     .\s  vou  an-  .aware,    fi-rric  chli 
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more  or  less  characteristic  color  reactions  with  many  of  the 
phenols.  Catechol,  the  parent  phenol  of  adrenalin,  gives,  in 
dilute  aqueous  solution  Avith  a  very  little  dilute  ferric  chloride 
solution,  a  l)rilliant  green  color,  which,  upon  careful  addition  of 
very  dilute  alkali,  passes  through  a  series  of  color  ciianges  from 
bluish-green  to  purple-red.  Under  like  conditions,  adrenalin 
acts  similarly.  The  catechol  nucleus  is  responsible  for  this  reac- 
tion, so  that  it  is  not  peculiar  to  adrenalin.  If,  however,  dilute 
solutions  of  catechol  and  adrenalin  chloride  be  treated  with  a 
little  very  dilute  ferric  chloride  solution  without  subsequent  addi- 
tion of  alkali,  and  if  the  two  solutions  be  allowed  to  stand  in  the 
air  for  some  minutes,  a  difference  in  their  behavior  will  manifest 
itself.  In  the  case  of  catechol,  the  green  color  persists  ;  in  that 
of  adrenalin,  it  changes  slowly  to  pink  or  red.  While  the  test  is 
not  absolutely  final,  it  is  fair  to  conclude  that  a  commercial  solu- 
tion of  adrenalin  chloride  retains  some  activity  when  a  sample, 
highly  diluted,  gives  with  a  drop  of  very  dilute  ferric  chloride 
solution  a  green  color  changing  soon  to  pink  or  red.  Many  for- 
eign substances  interfere  with  the  test,  so  that  it  may  not  be 
applicable  to  adrenalin  in  mixtures. 

Having  at  hand  a  solution  of  adrenalin  chloride  known  to  be 
active,  it  remains  to  consider  the  precautions  to  be  observed  in 
dispensing  it,  alone  and  in  mixture.  Certain  mixtures  are  chem- 
ically rational  and  therapeutically  useful.  If  one  is  proposed, 
however,  of  w^hose  feasibility  there  is  doubt,  let  me  counsel  con- 
servatism. \\'diere  possible,  mixtures  are  best  avoided ;  adren- 
alin is  a  sensitive  substance,  easily  changed  by  many  chemical 
reagents. 

Chiefly  to  be  feared,  are  alkalies  and  oxidizing  agents.  Al- 
most any  substance  that  chemically  would  be  classed  as  an  oxidiz- 
ing agent  is  more  or  less  injurious  to  adrenalin.  In  this  category 
are  such  substances  as  oxygen  itself,  free  chlorine,  bromine, 
iodine  and  their  oxy-acids,  permanganates,  chromates,  nitrites, 
salts  of  easily  reducible  metals,  etc.  Iron  is  extremely  trouble- 
some, because  of  its  wide  distribution  and  because  a  very  minute 
amount  will  sufifice  to  shorten  measurably  the  life  of  an  adrenalin 
solution.  Traces  of  iron  in  other  chemicals,  in  distilled  water 
and  even  in  glassware,  are  decidedly  to  be  reckoned  with.  Of 
course,  iron  utensils  should  never  be  brought  in  contact  with  ad- 
renalin. 


Alkalies  are  no  doubt  destructive  directly,  but  niainl\-  ibey 
are  pernicious  because  they  very  greatly  accelerate  the  destructive 
action  of  oxidizing  agents.  A  faintly  alkaline  solution  of  adren- 
alin exposed  to  the  air  will  lose  its  activity  very  quickly.  Such 
solutions  are  often  prescribed,  but  ought  not  to  be  dispensed  un- 
less confirmed  by  the  physician  after  he  has  been  informed  of 
their  instability.  Every  solution  of  adrenalin  that  is  expected  to 
retain  its  activity  should  show  a  faint  acid  reaction.  T  am 
acquainted  with  no  satisfactory  expedient  for  preparing  a  >table 
adrenalin  solution  that  is  not  slightly  acid.  Organic  acids  and 
weak  mineral  acids  are  not  very  effective  unless  present  in  con- 
siderable amount.  A  minute  trace  of  a  strong  mineral  acid — that 
is  to  say,  a  highly  dissociated  acid — is  to  be  preferred. 

In  conformity  with  the  last  statement,  the  non-oxidizing  acids 
in  reasonable  dilution  are  not  injurious  to  adrenalin.  Dilute  sul- 
]»lnn-ic.  sulphurous.  Indrochloric.  ])hosphoric,  boric,  salicylic. 
acetic,  tartaric,  citric — in  fact,  most  of  the  acids  commonly  used 
in  medicine — are  harmless.  Oxidizing  acids  are  of  course  ol)- 
jeclionable. 

.Salts  of  the  c(jnim(jn  alkaloids,  of  the  alkali  metals  and. 
broadly,  of  the  light  metals  generally,  are  not  intrinsicall\-  harm- 
ful. If.  however,  their  acid  radicals  are  of  weak — that  is  to 
say,  slightly  dissociated — acids,  they  may  indirectly  diminish  the 
resistance  of  the  adrenalin  to  oxidation  by  ])arlial  rei)lacement  of 
the  trace  of  free  strong  acid  iiorniall\-  present. 

i'henols  of  llu-  t}-i)e  of  carbolic  and  cres_\lic  acids  are  harm- 
less. ( )r(linar)-  camphors,  terpenes.  and  similar  bodies  are  not 
injurious,  save  in  so  far  as  the\-  ma\-  be  to  a  certain  extent  car- 
riers of  o.x}gen.  .Most  aldehyde 
alcohols  and  ketones,  are  probal)ly 
however,  is  directly  destructive  t( 
wholly  incompatible.  .\s  little  as 
added  to  solution  of  adrenalin  chl( 
witliin  a  few  hours. 

Jn  the  foregoing  statements  of  incompatibility,  exhaustive 
accuracy  is  ncjt  ])reten(K'(l  .and  <lonbtless  tbere  m.iy  be  found  ex- 
ceptions, 'i'he  purp(»se  is  merelN  t(t  c  b;ir;u1eri/.t'  certain  broad 
tyi)es.  .\n  el'ibor.ili-  l.ibU-  of  specilic  incompatibles,  c  \  en  were 
the  data  ;iv;iil;ible.  is  bi-yond  the  scoi)e  of  this  p.iper. 
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To  exemplify  the  use  of  these  statements,  and  to  emphasize 
some  of  the  most  important  points,  it  will  be  well  to  examine 
and  comment  upon  a  few  prescriptions.  Some  of  these  w^re  sub- 
mitted for  criticism  in  the  regular  course  of  business ;  some  are 
written  arl)itrarily  to  illustrate  a  particular  case.  All,  however, 
are  such  as  might  be  met  with  in  the  experience  of  any  pharma- 
cist. 

1.  ff      Solution    Adrenalin   Chloride 1    fluidraclim. 

Let  us  begin  at  the  beginning.  This  prescription  requires  only 
that  a  fluidrachm  be  dispensed  from  stock ;  yet  I  venture  to  say 
that  if  filled  carelessly,  the  solution  will  in  many  instances  un- 
dergo deterioration  far  more  rapidly  than  the  same  solution  in 
the  stock-bottle.  Certain  precautions  are  recommended  that  will 
apply  not  only  to  the  present  case,  but  to  all  prescriptions  con- 
taining adrenalin.  Either  a  glass-stoppered  bottle  should  be  used, 
or  else  the  lower  end  of  the  cork  should  be  covered  with  paraffin 
or  waxed  tissue.  The  vial  should  be  scrupulously  clean,  and  in 
particular  it  should  be  as  nearly  as  possible  free  from  alkali  and 
iron  in  soluble  form.  It  is  advisable,  therefore,  to  wash  out  all 
bottles  with  strong  hydrochloric  acid  followed  by  much  distilled 
water.  This,  however,  is  only  a  temporary  expedient,  and  the 
best  plan  is  to  select  an  insoluble  glass. 

2.  l^     Sol.  of  Adrenalin  Chloride 1  volume. 

Distilled  water  or  physiologic  salt  solution.  .9  volumes. 

All  the  comments  on  the  last  prescription  apply  equally  to 
this.  In  addition,  one  should  make  sure  that  the  distilled  water  or 
physiologic  salt  solution  is  free  from  alkali  and  iron.  It  is  a 
good  plan,  also,  to  use  water  or  salt  solution  that  has  been  freshly 
boiled  and  cooled.  It  has  already  been  remarked  that  the  com- 
mercial solution  of  adrenalin  chloride  is  faintly  acid — a  condi- 
tion necessary  to  its  stability.  Here,  this  acidity  is  reduced,  by 
dilution,  to  1/10  its  original  proportion.  In  many  ordinary  bot- 
tles there  is  sufficient  soluble  alkali  to  neutralize  completely  this 
trace  of  acid,  and  so  to  determine  the  rapid  oxidation  of  the 
adrenalin.  The  life  of  this  solution,  therefore,  would  be  greatly 
prolonged  by  the  addition  of  chemically  pure  hydrochloric  acid,  in 
such  proportion  that  the  finished  solution  contains  1/100  of  one 
per  cent  of  the  absolute  acid.    Care  should  be  taken  that  the  acid 


itself  is  as  nearly  as  possible  tree  from  iron,  very  appreciable 
amounts  of  which  are  present  in  many  lots  of  so-called  chemic- 
ally pure  hydrochloric  acid. 

Even  when  quite  sterile  at  the  outset,  solutions  like  the  one 
under  consideration  are  liable  to  contamination  in  use.  To  pre- 
vent the  development  of  fungus,  a  mild  antiseptic  may  be  added. 
Saturation  with  chloroform  or  chloretone  would  improve  such 
solutions. 

3.  I^     Adrenalin  ^  grain. 

Cocaine  5  grains. 

Sodium  chloride,  C.  P 4  grains. 

Boric  Acid 10  grains. 

Cliloretone  2^2  grains. 

Distilled  water,  sufficient  to  make 1   fluidounce. 

This  solution  would  probably  deteriorate  fairly  rapidly. 
There  should  l)e  present  some  mineral  acid  stronger  than  boric. 
Very  suitable  wcnild  be  hydrochloric  acid,  C.  P.,  in  quantity  suf- 
ficient to  saturate  the  adrenalin  and  cocaine,  and  leave  an  excess 
of  about  1/100  of  one  per  cent  of  absolute  acid  in  the  finished 
solution.  Also,  the  boric  acid  should  be  free  from  iron — an  im- 
purity very  common  in  even  the  medicinally  pure  acid. 

4.  R     Sodium  bicarhonate, 

Sodium  borate, 

Sodium  chloride,  aa 2.5  grains. 

Thymol  l/'^O  grain. 

Sol.  .\drenalin  Chloride 1   fluidrachm. 

Distilled  water,  sufficient  to  make 1   fluidounce. 

Nose  and  throat  specialists  sometimes  order  spray-solutions 
similar  to  this.  Isually  they  are  designed  to  be  slightly  alkaline, 
so  thru  the  additinn  of  acid,  even  if  otherwise  advisable,  would 
(lefcal  tlie  intention  of  llic  i)rcscril)L'r.  In  the  present  case,  it 
would  be  almost  useless  to  add  hydrochloric  acid,  unless  in  quan- 
tity equivalent  to  the  whole  of  the  sodium  bicarbonate  and  sodium 
borate.  This  is  of  course  inadmissible.  The  remedy  is,  with  the 
consent  of  the  prescriber,  to  put  up  the  adrenalin  solution  separ- 
ately, instructing  the  jjatient  to  add  in  proper  proportion  to  each 
dose  f)f  the  spray-solution  imme(liately  before  u.sc.  If  dispensed 
as  it     tands.  it  will  become  inactive  in  a  very  short  lime. 

5      \i     Zinc  sulphale 0.05  gramme. 

Cf.caine    hvdn.chloride 0.2  gramme. 

.Xdrenaiiti  solution 10  drops. 

1-ituu  I  uafcr,  1'.,  I'.,  sufficient  to  make.. ..15  grammes. 


This  prescription,  dispensed  by  an  English  pharmacist  on  the 
order  of  an  ocuhst,  underwent  marked  deterioration  within  a  few 
days.  In  reply  to  inquiry  as  to  the  cause,  certain  possibilities 
were  pointed  out.  First,  it  is  to  be  noted  that  the  ten  drops  of 
adrenalin  solution  was  diluted  to  about  15  cc,  thus  reducing  the 
acidity  of  the  adrenalin  solution  to  such  an  extent  that  the  trace 
of  alkali  yielded  by  most  common  glass  bottles  would  be  fatal. 
Further,  zinc  sulphate  very  often  contains  iron.  This  salt  and, 
indeed,  each  of  the  ingredients,  as  well  as  the  bottle  itself,  should 
bs  tested  for  iron.  It  is  highly  probable  that  one  or  both  of  these 
causes  was  accountable  for  the  deterioration.  The  remedy  would 
be  to  use  materials  and  container  as  nearly  as  possible  free  from 
iron  and  alkali,  and  to  add,  as  already  recommended,  hydrochloric 
acid,  C.  P.,  up  to  1/100  of  1  per  cent  of  the  finished  solution. 

6.  5     Mercuric  chloride ^  grain. 

Sol.  Adrenalin  Chloride 2  fluidrachms. 

Water,  sufficient  to  make 1  fliiidounce. 

W'hen  this  prescription  was  compounded  by  a  pharmacist, 
there  appeared  almost  immediately  a  slight  grey  precipitate,  the 
solution  becoming  red.  The  precipitation  was  due,  of  course,  to 
the  reduction  of  the  mercury,  and  the  color  to  the  oxidation  of 
the  adrenalin.  That  the  reaction  occurred  immediately,  resulted, 
perhaps,  from  the  use  of  slightly  alkaline  tap-water.  Adrenalin 
chloride  and  mercuric  chloride  solution  may  be  mixed  without 
immediate  destructive  reaction,  if  there  is  present  a  little  free 
hydrochloric  acid.  Even  with  this  precaution,  however,  the  ad- 
renalin is  destroyed  within  a  comparatively  short  time.  This 
prescription  should  not  be  dispensed. 

7.  IJ     Cocaine  h3drochloride 9  grains. 

Sol.  Adrenalin 1^   fluidrachms. 

Iodine  4  grains. 

Cherry  Laurel  water,  B.  P 2  drachms. 

Glycerin,  q.  s.,  to  make 1  fluidounce. 

This  prescription  is  copied  from  the  Pharmaceutical  Journal, 
Vol.  1().  page  48-1,  where  it  is  condemned  because  of  the  evident 
incompatibility  between  iodine  and  cocaine  hydrochloride.  It  is 
further  asserted,  however,  that  the  formula  might  be  serviceable 
if  the  cocaine  hydrochloride  were  omitted — an  obvious  error 
since  iodine  is  quickly  destructive  to  adrenalin. 


H02 

8.  ^.     Adrenalin  chloride 6  grains. 

Camphor 1  ounce. 

Phenol  y2  ounce. 

01i\  e  Oil 8  ounce?. 

This  formula  is  not  i)raclical)le  by  reason  of  the  comparative 
insolubiHty  of  adrenalin  chloride  in  the  mixture.  A  phxsician 
stated  that  a  very  similar  prescription  was  being  tilled  for  him 
regularly.  If  so,  it  is  probable  that  an  examination  of  the  pro- 
duct he  was  using  would  discover  either  the  almost  complete 
absence  of  adrenalin  or  the  presence  of  ingredients  not  men- 
tioned in  the  formula. 

9.  I5L     Solution  Adrenalin  chloride 1  tluidrachm. 

Sodium  henzoate 1  yrain. 

The  trace  of  free  hydrochloric  acid  of  the  adrenalin  solution 
will  be  largely  replaced  by  the  less  efficient  benzoic  acid.  The 
solution  will  keep  fairly  well,  but  will  be  less  resistant  to  oxida- 
tion tlian  the  mimodihed  solution  of  adrenalin  chloride. 

To  summarize  in  ])art — the  following  considerations  are  of 
first  importance  in  (lis])ensing : 

Deterioration  of  adrenalin  solutions  is  usually  due  to  o.vida- 
t'lon,  either  by  the  ox}gen  of  the  air  or  ])\-  an  ailded  oxidizing 
agent. 

Oxidation  is  retarded  by  acids,  but  accelerated  by  alkalies. 
Solutions  alkaline  in  reaction  ought  not  to  be  dispensed. 

In  retarding  oxidation,  a  trace  of  strong  acid  is,  in  general. 
more  efficient  than  llie  equivalent  amount  of  a  weak  acid.  Solu- 
tions aciditied  with  a  trace  of  a  weak  acid  may  be  dis]iensed,  but 
will  not  be  ver\-  .4able.  Resistance  to  oxidation,  other  things 
being  e(|ual,  >e^m>  to  be  a  ftmction  of  the  ntunl)er  of  hydrogen 
ions  in  a  unit  volume  of  the  solution.  The  acid  should  be  used. 
therefore,  not  in  ])roportion  to  the  amount  of  ;idrenalin  chloride 
present,  but  in  ])roporlion  to  llie  total  \dlume  of  tlij  liuished  solu- 
tion. One  onr-lnnidrulth  of  one  ])er  i-ent  of  alisolntc  hydrochloric 
acid  is  a  suitable  propoiiiou. 

TresiTiptions  iiulu<liiig  oxidizing  agents  should  not  be  dis- 
pen>ed.  iron  salts,  in  jiarticular.  are  to  b^'  a\di(K(l.  (  onlaniers, 
distilled  water,  and  all  materials  entering  into  the  prescription 
should  be  as  nearlv  as  possible  free  from  iron. 

( ilassware  containing  nuich  soluble  alkali  should  not  be  us.d. 

C'f)ntact  with  air  should  be  minimized. 
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A  Study  of  the  "Tellurite  Reaction"  with  the  Colon- 
Typhoid  Group  and  other  Organisms.* 

BY   LEWIS  DAVIS,   S.M. 
(From  the  Research  Laboratory,  Parke,   Davis  &  Co.,   Detroit,   Michigan.) 

With  1  Plate. 
INTRODUCTION. 

In  a  previous  paper  on  "Potassium  Tellurite  as  an  Indicator 
of  Microbial  Life,"t  by  W.  E.  King  and  the  w^riter,  attention 
was  called  to  apparent  differences  in  the  action  of  the  tellurite 
towards  B.  coli  communis  and  towards  B.  typhosus,  which  seemed 
to  warrant  further  study.  As  stated  at  that  time,  not  only  did  the 
typhoid  bacillus  seem  to  be  peculiarly  sensitive  to  the  antiseptic 
action  of  potassium  tellurite,  but  the  results  obtained  differed 
materially  among  various  strains,  ^^'ith  the  cultures  then  used, 
the  colon  bacillus  gave  a  strong  reaction  even  when  the  concen- 
tration of  tellurite  was  one  part  in  5000,  while  with  B.  typhosus, 
very  little  action  occurred  with  amounts  of  the  salt  stronger  than 
1 :50,000. 

The  present  study  has  1)een  extended  to  include  the  action  of 
potassium  tellurite  on  the  more  important  members  of  the  so- 
called  "Colon-Typhoid"  group,  and  also  a  few  other  bacterial 
species..  The  experimental  work  was  carried  out  with  the  view 
of  determining  the  following: 

a.  Difference  in  the  antiseptic  action  of  potassium  tellurite  on 
the  various  members  of  the  group. 

/'.  Variations  in  the  macroscopical  appearance,  character  and 
velocity  of  the  "tellurite  reaction"  under  optimum  conditions. 

r.  The  eft'ect  of  treatment  with  tellurite  as  regards  the  bio- 
chemical activities  of  the  organism. 

Altogether,  twenty  different  bacterial  species  were  investi- 
gated, including  some  of  the  more  uncommon  types,  and  several 
not  belonging  to  the  Colon-Typhoid  group,  but  closely  related  to 
it  biochemically.  The  organisms  have  been  arranged  in  the  same 
order  as  they  were  studied,  rather  than  according  to  any  definite 
classification. 


*   Read  before  the  Society   of  American   Bacteriologists,  Montreal,   P.  Q.,  Dec,   1913. 
t  Read    before    the    Laboratory    Section,    American    Public    Health    Assoc,    Colorado 
Springs,   Col.,   Sept.,    1913. 
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EXPERIMENTAL    DATA. 

A.     The  Antiseptic  Action  of  Potassiitm  Tellurite. 

In  determining  the  antiseptic  action  of  the  tellurite  on  the 
various  bacteria,  essentially  the  same  technique  was  employed 
as  in  the  i)revious  work.  Briefly,  this  consisted  in  adding  asep- 
tically  to  plain  bouillon  in  tubes  sufficient  potassium  tellurite  to 
give  concentrations  of  the  salt  ranging  from  1 :1000  to  1  :300,000. 
Triplicate  tubes  at  each  concentration  were  then  inoculated  with 
0.1  c.c.  of  a  well-shaken  culture  of  the  organism  to  be  studied, 
grown  for  48  hours  in  plain  bouillon.  These,  together  with  "con- 
trol" tubes,  containing  no  tellurite,  were  incubated  for  at  least  96 
hours  at  37°  C.  before  recording  results.  Where  "check"  results 
failed  to  give  agreement,  additional  sets  were  run  until  confirma- 
tory tests  were  obtained. 

1.  B.  coli  communis. 

Five  different  strains  of  this  organism  were  examined,  includ- 
ing one  isolated  from  a  tubercular  hip  and  one  from  a  case  of 
osteomyelitis,  the  remainder  being  from  urine  and  f?ec:s.  With 
one  strain  ( :fi:0\29  isolated  from  tubercular  hip)  a  concentration 
of  1 :2o00  of  potassium  tellurite  failed  to  prevent  growth  and 
reduction,  while  the  rtmaining  strains  gave  practically  no  growth 
with  amounts  stronger  than  1 :5000.  At  the  latter  concentration, 
there  was  heavy  growth  and  strong  reduction  of  the  tellurite  in 
24  hours  with  every  one  of  the  five  strains  studied.  It  would 
seem,  then,  that  with  the  colon  bacillus  as  ordinarily  encountered, 
potassium  tellurite  acts  as  an  antiseptic  in  amounts  stronger  than 
1  ir.OOO. 

•i.    P.act.   (lactis)  aerogenes. 

Both  of  the  cultures  of  this  bacterium  gave  very  little  growth 
at  1  :500n,  but  heavy  reduction  at  1  :10.()()0  and  weaker  in  less  than 
21  hours.  It  is  probable  that  the  antiseptic  action  of  tellurite  on 
this  organism  begins  with  concentrations  greater  than  al)Out 
1  :r,000. 

3.  B.  capsulatus. 

The  two  strains  of  this  organism  gave  a  moderate  growth  at 
1  :2r)00  and  above,  but  practically  none  at  1  :1000.  Heavy  growth 
appeared  in  less  than  24  hours  at  1  :20,000  and  weaker.  Between 
1  :1000  and  1  :2500  seems  to  be  the  limit  for  the  antiseptic  action 
on  P..  capsulatus. 
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4.  B.  i)neunionia;   (Friedlander). 

The  pneumobacillus  of  Friedlander,  in  spite  of  its  being  cap- 
sulated  as  were  the  two  preceding  organisms,  showed  great  sus- 
ceptibihty  to  the  antiseptic  action  of  tellurite.  Both  of  the  strains 
gave  practically  no  growth  or  reduction  with  concentrations  of 
potassium  tellurite  stronger  than  1 :40,000.  Even  at  1 :300,000 
growth  was  very  slow  and  apparent  only  after  48  hours'  incuba- 
tion. It  is  very  probable  that  1 :30,U00  of  tellurite  acts  antisep- 
tically  with  this  organism. 

5.  B.  acidi  lactici. 

Three  strains  of  the  lactic  acid  bacillus  were  studied,  all  of 
which  were  obtained  from  milk.  Two  gave  practically  no  growth 
with  amounts  of  the  salt  stronger  than  1 :30,000,  while  the  other 
strain  gave  a  feeble  reaction  at  1 :20,000.  The  "control"  tubes 
in  all  three  cases  showed  rather  a  light  growth  so  that  only  a 
moderate  reduction  of  the  tellurite  could  be  expected  where 
vegetation  was  permitted.  Apparently  the  tellurite  begins  to  act 
as  an  antiseptic  at  1 :20,000  with  this  organism. 

G.  B.  rhinoscleromatis. 

About  1 :30,000  seems  to  be  the  limiting  antiseptic  concentra- 
tion of  tellurite  for  this  organism,  no  growth  occurring  with 
greater  amounts  of  the  salt.  The  growth  at  1 :30,000  is  very  slow 
and  apparent  only  after  9G  hours'  incubation. 

T.  Paracolon  Bacillus. 

Both  strains  of  the  paracolon  bacillus  used  were  obtained 
from  feces,  but  from  widely  divergent  localities.  One  strain 
gave  practically  no  growth  with  concentrations  stronger  than 
1 :30,000,  while  the  other  gave  a  moderate  growth  at  1 :30,000  but 
none  at  1  :1 0,000.  In  all  probability,  1  :20,000  is  the  limiting  anti- 
septic concentration. 

8.  B.  enteritidis. 

Between  1:10,000  and  1:20,000  of  potassium  tellurite  seems 
to  be  the  concentration  necessary  to  exert  an  antiseptic  action 
with  this  bacterial  race.  Three  strains  were  examined,  one  of 
which — a  subculture  of  the  original  organism  isolated  by  Gaert- 
ner — seemed  to  be  more  resistant  than  the  other  two,  giving 
growth  and  reduction  at  1  :20,000  while  the  others  did  not. 

9.  B.  cholerae  suis. 

All  three  cultures  of  the  bacillus  of  hog-cholera,  so-called, 
gave  no  growth  with  concentrations  of  tellurite  stronger  than  1 
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part  in  20,000.     Up  to  1  :50,000  the  growth  and  reduction  were 
very  slow  and  apparent  only  after  T2  hours'  incubation. 

10.  Bacillus  of  swine  plague. 

This  organism  which,  strictly  speaking,  belongs  to  the  Hemor- 
rhagic Septicaemia  group,  has  been  included  by  some  in  the  Colon- 
Typhoid  group.  Both  strains  of  the  bacillus  showed  practically 
the  same  resistance  to  potassium  tellurite.  About  1 :  10,000  seems 
to  be  the  strength  at  which  antiseptic  action  hrst  appears.  With 
one  strain,  concentrations  up  to  1 :50,000  gave  a  very  peculiar, 
amorphous,  black  sediment  which  was  rather  heavy,  although 
slow  in  making  its  appearance. 

11.  B.  paratyphosus  "A." 

Concentrations  greater  than  1 :20,000  had  an  antiseptic  actio.i 
on  both  of  the  strains  of  B.  paratyphosus  "A"  which  were 
studied.  In  fact,  heavy  growth  and  reduction  were  obtained  only 
with  1  :oO,000  and  weaker.  The  action  is  rather  slow  and  appears 
only  after  48  hours'  incubation. 

12.  B.  paratyphosus  "B." 

The  two  strains  of  this  organism  appeared  to  be  more  resistant 
to  potassium  tellurite  than  B.  paratyphosus  "A."  Growth  and 
reduction  occurred  at  1 :10,000  of  tellurite  with  this  type  as  com- 
pared with  feeble  growth  at  3  :20,000  with  type  "A."  The  con- 
trol cultures  with  no  tellurite  showed  apparently  the  same  growth 
as  type  "A." 

i;j.  B.  icteroides. 

Very  little  growth  and  reduction  were  ()l)taine(l  with  J),  icter- 
oides using  concentrations  of  [)otassiiun  tellurite  stronger  than 
1:50,000.  At  this  latter  strength,  heavy  growth  and  a  typical 
reaction  were  obtained,  so  that  in  all  ])rol)al)ility  the  antiseptic 
value  lies  between  1  :  l(),()()0  and  I  ::)(!, (MM). 

II.  B.  Zopfii. 

Check  result>  with  this  organism  showed  it  to  be  very  sus- 
ceptible to  the  ai  tion  of  tellurite.  Practically  no  growth  occurred 
at  1  :10(),()0()  and  stronger,  and  only  very  little  with  one  part  of 
jjotassium  tellurite  in  ;U)(),0()0  parts  of  bouillon  even  after  96 
hours'  incubation.  The  control  tubes,  however,  gave  a  heavy, 
typical  growth. 

I.").  I',.  tyi)hosus. 

l-'ive  strains  of  the  tyi)lioi(l  h.uilln^  were  stndiid,  iiulnding 
two  from  the  United  Slates   llygienic   Laboratory.     .\s  noted  in 
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the  previous  work  with  this  (jrj^anisin,  there  was  f|uite  a  vanaticjii 
amon^  the  dii'ferent  strains.  About  1  :^0,000  seemed  to  he  the 
antiseptic  ((jnientration  for  three  of  the  strains,  while  (jne  (^ 
i)\'.H))  gave  j^rowth  at  1  :10,000  anrl  the  oilier  (Ifoj^kins;  at  first 
only  at  I  :oO,000  and  weaker. 

Transplantations  were  made  from  some  of  ihc  tubes  rontain- 
inj^  the  Jlopkins  strain  and  tellurite  I  :r>(),()()0  into  fresh,  j^lain 
bouillon.  These  cultures  were  incubated  for  the  usual  IH  Incurs 
and  0.1  c.c.  of  the  resultant  suspension  added  to  father  bouillon 
containing  the  various  concentrations  of  tellurite,  fjrowth  now 
occurred  at  1  :5iO,0()().  liy  successive  treatments  as  above,  it  was 
finally  found  possible  to  grow  this  apparently  weak  strain  of  B. 
typhosus  in  a  bouillon  containing  pr^tassium  tellurite   I  :'/i500. 

It  would  seern,  then,  that  as  orrlinarily  met  with,  one  part  of 
tellurite  in  20,000  parts  of  bouillon  or  other  suitable  diluent  acts 
as  an  antiseptic  on  H.  typhosus.  Some  strains  may  be  encountered 
which  arc  more  .sensitive.  I  lowever,  as  true  with  some  other  anti- 
septics, it  is  possible,  by  cultivation  in  merlia  containing  tellurite, 
and  successive  transj^lantations  to  make  the  tyj^hoid  bacillus  so 
resistant  to  this  salt  that  it  can  be  grown  in  concentrations  that 
ordinarily  act  as  germicides.  Similar  experimentation  gave  par- 
allel results  with  the  colon  and  other  bacilli,  so  that  the  above 
facts,  in  all  probability,  hold  true  for  the  afl:if>n  of  j>ofassium 
tellurite  on  micro-organisms  in  general. 

Hi.   l^act.  dysenteri;c  C Shiga;. 

17.  J^>act.  dyseiiterijfc  (I'Mexner;. 

'Jwo  strains  of  each  of  the  above  bacteria  were  tested,  both 
of  which  appeared  sensitive  to  the  action  of  tellurite.  About 
1  :10,000  seems  to  act  as  an  antisq^tic  with  the  Shiga  type,  while 
the  Flexner  type  gives  practically  no  growth  at  I  :r^0,000.  In  all 
cases  where  growth  and  reduction  did  occur,  it  was  not  aj^arent 
until  after  72  hours'  incubation.  The  Shiga  bacterium  would 
seem  to  be  more  resistant  to  i^otassium  tellurite  than  the  Flexner 
organism. 

1 8.  B.  proteus  vulgaris. 

The  Bacillus  proteus  vulgaris  is  fairly  resistant  to  potassium 
tellurite,  the  two  strains  studied  showing  he?ivy  growth  and  reduc- 
tion at  1  :  10,000,  but  not  at  1  :r,000.  Where  growth  did  (xcur,  it 
was  raj>id  and  or*  urred  in  less  than  21  hours'  incubation. 
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ID.  B.  cloacae. 

One  strain  of  this  organism  was  studied,  isolated  from  an 
abdominal  fistula.  It  showed  even  greater  resistance  to  potassium 
tellurite  than  did  B.  proteus  vulgaris,  as  heavy  growth  occurred 
at  1 :5000  and  weaker  in  less  than  24  hours. 

A  review  of  the  preceding  data  shows  that,  arranged  accord- 
ing to  the  antiseptic  action  of  potassium  tellurite  on  them,  the 
organisms  studied  would  appear  as  shown  in  Table  I.  From  this 
it  is  seen  that  the  capsulated  bacteria — as  B.  (mucosus)  capsu- 
latus — are  the  most  resistant,  and  the  Bacillus  Zopfii  the  most 
susceptible  to  the  antiseptic  action  of  potassium  tellurite. 


ANTISEPTIC    ACTION    OK    POTASSIUM    TELLURITE    ON    BACTERIA    OF    THE    COLON-TYPHOID 
TYPHOID   GROUP  AND   ALLIED  ORGANISMS. 


Organism. 

No.  of  Strains 
Examined. 

Antseptic  Concentration 
of  Potassium  Tellurite. 

1 

B.  capsiilatus 

2 
5 
2 
1 

i 

2 
:{ 
3 

2 
2 
2 

1 

Bet.  1  :  1000—1  :  2500 

B.  coli  communis. 

About  1  :  5000 

4. 

Bact.  1  lactis)  acrogenes 

B.  cloacae 

B.  proteus  vulgaris 

"      1:5000 
"      1:.5000 
Bet.  1:5000—1  :  10  000 

(i. 

B.  paralyphosus  "B" 

B.  of  swine  plague. 

About  1  :  10,000 
"      1  :  10.000 

S. 
(1 

B.  enteritidis 

B.  typhosus 

Bet.  1  :  10.1)00—1  :  20,000 
About  1  :  20,000 

10. 

11 

B.  paralyphosus  "A" 

"      1:20,000 
"      1:20,000 

12. 
l.S 

B.  acidi  lactici 

B.  choierae  suis. 

"      1:20,000 
"      1:20  000 

14. 
15. 

B.  rhinoscleroinatis 

B.  pneumoniae.  .          

"      1:. -'.O.OOO 
"      I:;i0,(i00 
"      1:40,000 

IK 

B.  icteroides 

Bet.  1  :  40,0a)-l  :  50,000 
About  1:50,000 

!« 

B.  Zopfii 

"    1  :  100,000 

Considering  the  principal  organism  of  the  group,  it  is  found 
that  the  colon  bacillus  and  the  closely  allied  Bact.  (lactis)  aero- 
genes  show  the  strongest  resistance ;  B.  enteritidis,  paracolon 
bacillus  and  the  paratyphoid  bacilli  would  come  next,  the  typhoid 
bacillus  after  these,  and  the  dysentery  bacteria  the  last.  Theo- 
retically, llieii,  it  would  seem  that  a  medium  containing  potassium 
tellurite  could  be  devised  analogous  to  that  proposed  by  Conradi 
and  Troch*  for  the  diagnosis  of  diphtheria,  which  would  be  of 
service  for  dififerentiation  between  tlic  colon,  typhoid  and  dysen- 
tery organisms.  Studies  along  this  iiiu-  would  uiuloubtedly  prove 
of  value. 


•G.  WaRHcr,  MiJnchcn,  iiicd.  Wocliciiscln 
E..  Dcutsch.  mcd.  VVochonschr.  1013,  \>.  7h»i. 
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B.  TJic  "Tellurite  Reaction"  with  the  Coloii-Typiwid  Group  and 
Allied   Organisms   Under   Optimum   Conditions. 

It  was  readily  apparent  that  for  studying  the  action  of  potas- 
sium tellurite  on  bacteria  under  optimum  conditions,  the  organ- 
isms would  have  to  be  in  a  state  of  active  metabolism.  Accord- 
ingly, thi?  procedure  adopted  was  to  take  a  24-hour  culture  of  each 
strain,  grown  for  two  generations  in  9  c.c.  of  plain  bouillon.  To 
this  was  added  without  subsequent  mixing  1.0  c.c  of  aseptic  solu- 
tions of  potassium  tellurite  giving  final  strengths  ranging  from 
one  part  of  tellurite  in  2500  parts  of  bouillon  to  one  part  in 
300,000. 

The  usual  number  of  "check"  and  "control"  tests  were  run, 
using  the  same  bacterial  strains  and  the  same  number  of  tubes  as 
in  the  preceding  study  of  the  antiseptic  action.  Results  were 
noted  after  half  an  hour,  after  fifteen  hours,  and  finally  after  9G 
hours  of  incubation  at  37°  C.  The  30-minute  results  were  taken 
at  room  temperature,  but  if  no  action  took  place  at  the  end  of 
this  period,  a  second  observation  was  made  after  three  hours  at 
37°  C.  The  various  types  investigated  have  been  arranged  in 
accordance  with  Table  L 

1.  B.   (mucosus)   capsulatus. 

This  organism  gave  a  distinct  brown  ring  within  15  minutes 
after  the  addition  of  the  tellurite.  As  would  be  supposed,  it  was 
strongest  at  1  :2500,  but  still  apparent  at  1 :40,000.  After  96 
hours,  the  strongest  concentrations  showed  a  thick,  stringy,  black 
sedimsnt  with  the  supernatant  liquid  nearly  black.  With  increas- 
ing dilution,  the  color  gradually  becomes  lighter,  so  that  there  is 
very  little  reaction  at  1 :100,000  and  none  at  1 :300,000. 

2.  B.  coli  communis. 

The  reaction  with  the  colon  bacillus,  especially  in  the  stronger 
concentrations,  was  extremely  rapid,  being  apparent  either  as  a 
ring  or  darkening  within  several  minutes  after  the  addition  of  the 
tellurite  solution.  After  half  an  hour,  there  was  a  distinct  dark- 
ening with  all  of  the  strains  studied  at  dilutions  as  high  as  1 :100,- 
000.  The  reduction  is  practically  complete  in  24  hours,  and  is 
shown  by  the  entire  tube  being  thick  and  black  with  1 :10,000  of 
tellurite  and  stronger.  The  reaction  at  1 :20,000  is  characteristic, 
and  appears  as  a  black,  clumpy  sediment,  with  the  supernatant 
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bouillon  brown  and  turbid.     (Plate  la.)     Reduction  is  apparent 
even  at  1 :300,000. 

3.  Bact.  (lactis)  aerogenes. 

The  two  strains  of  this  bacterium  which  were  studied  showed 
a  rai)id  and  vigorous  reaction  with  potassium  tellurite.  A  dis- 
tinct darkening  was  obtained  in  fifteen  minutes  with  all  dilutions 
up  to  1  :100,000.  The  reaction  is  complete  in  less  than  2A  hours, 
and  appears  as  a  black,  viscous  sediment  with  dark  brown  super- 
natant liquid,  growing  lighter  toward  the  top.  The  reduction 
grows  weaker  with  decreasing  concentration,  no  reaction  being 
apparent  at  1  :300.n00. 

4.  B.  cloacae. 

5.  B.  proteus  vulgaris. 

Both  of  the  above  organisms  gave  practically  the  same  "tellu- 
rite reaction."  Reduction  took  place  at  all  concentrations  with 
B.  proteus  vulgaris  and  up  to  1:100,000  with  I'.,  cloacae,  being 
apparent  within  half  an  hour,  either  as  a  ring  or  darkening.  The 
final  reaction  appeared  as  a  heavy,  flaky,  black  sediment  with  the 
liquid  above  very  dark  brown,  nearly  black.  There  was  the  usual 
decrease  of  color  with  the  dilution,  the  typical  reaction  appearing 
at  1  :30,000  as  uniformly  yellowish-l)rown  and  tnr1)i(l. 

(5.  B.  paratyphosus  "B." 

A  strong  ring  or  darkening  was  obtained  within  fifteen  min- 
utes with  both  strains  of  this  bacillus  in  all  concentrations  up  to 
1:100,000.  The  complete  reaction  is  shown  l)y  a  compact,  black 
sediment  witli  the  supernatant  liquid  very  dark  brown  in  strengths 
of  tellurite  up  to  1  :-.M),000.  At  the  latt.r  concentration  and 
weaker,  the  sediment  is  yellow,  while  tlic  li(|ni(l  is  nearly  clear 
and  brown.     (Plate  I  e. )     'i"he  reaction  al    1  ;  loo, ()()()  is  \cr\   faint. 

T.   Bacillus  of  swine  plague. 

A  faint  darkening  was  apparent  in  lialf  an  lujur  with  one 
strain  of  this  organism  rnid  in  three  hours  with  the  other  strain. 
The  reduction  is  not  as  vigorous  as  with  the  preceding  types,  and 
appears  finally  as  a  compact  black  sediment  with  a  supernatant, 
bnnvn,  liquid  zone  which  grows  clearer  and  lighter  coU)red 
toward  the  top  in  concentrations  up  to  l:lo,00().  i''roin  I  ;;;(). 000 
on,  the  liquid  is  uniformly  tin-bid  and  brown,  wliile  the  scdinient 
is  colored  gray.     \o  reduction  lakes  |)lace  al  1  ::!00,()0(). 

8.   B.  cnteritidis. 

.Ml  three  ^trains  of  !'..  enteritidis  sliowe<l  either  a  brown  ring 


or  darkening  in  half  an  hour  up  to  1  :100,0()0.  'i'he  reaction  is 
rather  vigorous  in  the  concentrations  stronger  than  1  ilO.OOU,  the 
entire  tube  being  almost  a  uniform  greyish-black.  .Vt  1 :20,000 
and  weaker,  there  is  a  thick,  brown  to  black  sediment  with  the 
liciuid  yellowish  brown  and  only  slightly  turbid.  (Plate  I  c.) 
The  reduction  at  1  :1 00,000  is  very  weak. 

9.  B.  typhosus. 

As  noted  in  the  previous  experimentation  with  this  organism, 
there  was  some  variation  in  the  final  appearance  of  the  reaction 
among  the  different  strains  investigated.  All,  however,  gave 
either  a  ring  or  darkening  in  concentrations  including  1 :50,000 
within  30  minutes.  The  reduction  is  much  slower  than  with  B. 
coli  communis  and  while  rather  heavy  in  concentrations  greater 
than  1 :5000,  the  tubes  from  1 :10,000  on  show  a  brownish  sedi- 
ment with  the  liquid  above  light  brown  in  color  and  moderately 
turbid.  (Plate  lb.)  Although  both  the  typhoid  and  colon 
bacilli  appear  brown  colored  and  turbid  in  dilutions  of  1 :20,000 
and  greater,  the  macroscopical  appearance  of  the  tubes,  particu- 
larly at  this  strength,  differs  materially  with  each  organism  and 
can  be  readily  distinguished  by  one  at  all  familiar  with  the 
reaction. 

10.  B.  paratyphosus  "A." 

With  concentrations  of  tellurite  up  to  1 :20,000  and  stronger, 
the  reaction  is  somewhat  similar  to  that  obtained  with  B.  para- 
typhosus "B" — a  heavy  black  sediment  with  the  supernatant  liquid 
very  dark  brown  and  turbid.  With  1 :20,000  and  weaker,  it 
appears  as  a  heavy  yellowish-brown  sediment  with  black  specks, 
while  the  bouillon  is  colored  a  light  brown  and  is  slightly  turbid 
(Plate  Id).  Reduction  is  apparent  at  1:100,000,  but  not  at 
1 :300,000.  Both  strains  of  the  organism  showed  a  darkening 
within  half  an  hour  in  all  strengths  up  to  1  :100,000. 

11.  Paracolon  Bacillus. 

The  reaction  with  the  paracolon  bacillus  is  very  similar  to 
that  obtained  with  B.  paratyphosus  "A."  In  the  stronger  concen- 
trations, a  ring  appeared  in  about  fifteen  minutes,  and  a  darken- 
ing was  apparent  up  to  1:100,000  in  half  an  hour.  Complete 
reaction  takes  place  in  about  48  hours  and  is  shown  in  the  amounts 
stronger  than  1 :20,000  by  a  heavy,  black  sediment  with  a  dark 
brown  liquid  layer  above  and  a  lighter  zone  near  the  top.     At 
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1 :30,000  and  weaker,  the  sediment  is  yellow  with  black  specks, 
while  the  supernatant  liquid  is  uniformly  light  brown  and  turbid. 

11.  B.  acidi  lactici. 

Compared  with  the  preceding  organisms,  B.  acidi  lactici  is 
much  slower  in  its  reaction  with  potassium  tellurite.  Only  one 
strain  showed  darkening  within  half  an  hour,  but  all  three  strains 
studied  gave  distinct  reduction  in  fifteen  hours.  The  stronger 
concentrations  particularly  (1:2500 — 1:5000)  apparently  exert 
a  germicidal  action,  as  reduction  seemed  stronger  from  1 :30,000 
on  than  with  the  greater  strengths.  The  typical  appearance  is  a 
moderately  heavy,  black,  powdery  sediment  with  the  liquid  above 
browned  and  usually  clear.  There  is  very  little  reaction  at 
1  :1 00.000. 

i;>.   B.  cholene  suis. 

.\11  three  strains  of  this  Ijacillus  sliowed  darkening  or  rings 
with  concentrations  u])  to  1  :  100,000  in  lialt  an  liour.  At  I  :  10,000 
and  stronger,  the  tubes  appeared  nearly  black,  while  at  1  :"i(),000 
and  weaker,  the  tubes  were  uniformly  brown  and  tnrl)i<l,  but 
growing  lighter  colored  as  the  dilution  increased.  Onl\-  one  strain 
gave  any  reduction  at  1  :300,000. 

14.  B.  rhinoscleromatis. 

15.  B.  pneumonic'e  (of  Friedliinder). 

Both  of  the  above  seem  to  react  slowly  with  tellurite,  very 
little  reduction  occurring  before  fifteen  hours.  'I'he  reaction  is 
quite  similar  in  both  cases  but  more  vigorous  with  the  bacillus 
of  Friedliinder  than  with  B.  rhinoscleromatis.  in  strengths  of 
1:10,000  and  stronger,  the  tubes  show  a  flaky  s.dinient  with  the 
supernatant  bouillon  nearly  clear  but  browned.  .\t  1  :'i0.000  and 
dilutions  greater,  the  color  grows  successively  lighter,  until  at 
1  :1 00,000  there  is  practically  no  reaction  with  eitlier  organism. 

10.  Bact.  dysent.'rise    (Shiga). 

The  reaction  with  this  bacterium  did  not  ])igin  to  appear 
before  three  hours  in  the  stronger  concentrations  while  with  the 
weaker  strengths  of  tellurite,  it  was  not  apparent  before  fifteen 
hours.  The  final  appearance  of  the  tubes  somewhat  resembled 
those  obtained  with  the  iM-iedkinder's  bacillus,  showing  a  black, 
powdery  sediment  and  the  li(|uid  alxjve  browned  but  nearly  clear. 
At  1:40,000  and  weaker,  the  brown  coloration  and  sediment 
began  to  decrease  in  intensity,  so  that  at  1  :  100,000  there  was  very 
little  indication  f)f  ;niv  action. 
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17.  B.  icteroides. 

Only  a  slight  darkening  occurred  with  both  strains  of  H.  icter- 
oides in  fifteen  hours.  As  with  B.  lactici  acidi,  there  is  a  heavier 
reduction  at  1 :30,00U  and  weaker  than  with  greater  concentra- 
tions of  tellurite.  Macroscopically,  the  reaction  appears  as  a 
powdery  black  or  dark  l)rown  sediment  with  a  slightly  turbid, 
•brown  supernatant  liquid.  No  reduction  was  apparent  at 
1 :300,000. 

18.  Bact.  dysenteri^e  (Flexner). 

Contrary  to  expectations,  the  Flexner  strain  of  dysentery  bac- 
terium gave  a  stronger  reaction  with  tellurite  than  did  the  Shiga 
strain.  All  concentrations,  including  1 :100,000,  showed  either  a 
ring  or  darkening  in  half  an  hour.  At  1 :10,000  and  stronger,  the 
tubes  showed  a  compact,  black  sediment  with  a  dark  brown, 
clouded  zone  above  while  the  remainder  of  the  liquid  was  clear 
but  browned.  With  1 :20,000  and  weaker,  the  sediment  was  brown, 
and  the  whole  liquid  was  nearly  clear  and  colored  a  yellowish 
brown.    No  reaction  was  apparent  at  1 :30,000. 

19.  B.  Zopfii. 

Comparable  with  the  weak  resistance  displayed  in  the  anti- 
septic tests,  B.  Zopfii  showed  less  reaction  with  potassium  tellu- 
rite than  any  of  the  preceding  organisms.  The  reduction  at 
1 :50,000  was  nearly  as  intense  as  at  1 :3500,  and  was  apparent  in 
all  cases  only  after  24  hours.  The  completed  reaction  appeared 
as  a  small,  powdery  black  sediment  with  the  supernatant  liquid 
clear  and  only  slightly  darkened.  Practically  no  reduction  of 
the  tellurite  took  place  at  1 :100,000  and  weaker. 

From  the  foregoing,  the  close  relationship  between  the  capacity 
of  an  organism  for  reducing  potassium  tellurite  and  its  resistance 
to  the  antiseptic  action  of  the  latter  salt  is  quite  apparent.  Those 
bacteria  which  require  a  relatively  strong  concentration  of  tellu- 
rite (1:500  or  more)  to  inhibit  their  growth  are  found  to  give 
a  rapid  and  vigorous  reaction,  while  the  sensitive  types  require 
a  much  longer  period,  and  the  amount  of  reduction  is  small. 

Not  only  is  the  intensity  of  the  "tellurite  reaction"  dependent 
upon  the  reacting  organism,  but  is  directly  influenced  by  the 
amount  of  the  salt  present.  As  would  naturally  be  supposed,  for 
any  specific  microbe,  the  greater  the  amount  of  potassium  tellu- 
rite present  which  can  be  acted  upon,  the  more  will  be  the  extent 
of  the  reduction.     The  "modus  operandi,"  so  to  speak,  can  be 
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conceived  to  be  as  follows.  Assuming  an  organism  to  be  in  an 
active  state  of  metabolism  and  adding  to  it  a  strong  "dose"  of 
tellurite,  two  opposing  tendencies  come  into  play.  On  the  one 
hand,  there  is  the  "positive''  tendency  toward  continuance  of 
growth  and  consequent  reduction  of  the  potassium  tellurite,  while 
on  the  other  hand,  there  is  the  "negative"  influence  tending  to 
inhibit  the  metabolism  of  the  organism.  If  the  organism  be 
sensitive,  the  resultant  efifect  will  be  more  reduction  with  smaller 
amounts  of  tellurite  present  than  with  greater.  This  was  actu- 
ally found  to  be  the  case  with  B.  acidi  lactici,  B.  Zopfii,  and  B. 
rhinoscleromatis.  In  fact,  with  B.  Zopfii,  which  is  very  sensitive 
towards  potassium  tellurite,  concentrations  of  1 :5000  and  stronger 
permit  a  reduction  at  first,  but  the  reaction  soon  ceases  owing  to 
the  stronger  antiseptic  effect  assuming  the  mastery.  This  is 
analogous  to  the  findings  of  Belfanti,*  who  obtained  a  black  spot 
in  less  than  four  hours  with  the  typhoid  bacillus  and  the  strongly 
germicidal  concentration  of  1  per  cent  of  potassium  tellurite. 

Where  the  two  influences  above  mentioned  are  nearly  equal, 
the  intensity  of  the  reaction  w\\\  be  about  the  same  with  all  con- 
centrations, except  the  very  weak  ones.  Such  a  behavior  is  dis- 
played by  the  dysentery  bacteria  and  Friedlander's  bacillus. 
Finally,  there  is  the  condition  obtained  with  the  more  common 
members  of  the  "Colon-Typhoid"  group  where  the  organism  is 
fairly  resistant  to  the  antiseptic  action  of  potassium  tellurite.  In 
this  case,  the  action  quickly  begins  to  take  place,  is  very  intense  in 
the  stronger  concentrations,  and  appears  to  be  completed  witiiin 
twenty- four  hours. 

Apparently,  the  velocity  with  which  potassium  .tcllurik'  is 
reduced  is  a  specific  function  of  the  reacting  organism  ai);Mt  from 
its  resistance  to  the  antiseptic  action  of  the  salt,  and  is  dependent 
upon  the  concentration  of  tellurite  present  only  within  very  broad 
limits.  Most  of  the  organisms  studied  showed  the  reaction  to 
begin  within  thirty  minutes,  with  dilutions  of  salt  up  to  1  :r)0,000, 
while  even  the  most  sensitive  showed  reduction  and  formation  of 
characteristic,  black  compounds  in  twenty- four  hours.  The  "tellu- 
rite reaction"  willi  the  colon  bacillns  is  cspcri.illy  rapid,  being 
almost  instantaneous,  or  appe.iring  within  .'i  ftw  momcnls  as  a 
brown  ring  or  darkening  in  :dl  conci-ntr.itions  e.xcejjt  the  very 
weak  ones. 


•S.  Belfanti.  Zcilsilir.  f.  Cliciiiolhcr.  ii.  v<rw.  Gcl>iitc.   1012,  Pi.  2,  p.   ll.-?. 


821 


fHE    REACTION    WITH    I'UTASSICM    TELLURITE    OF    THE    INTESTINAL    liACTERIA    AND 
ALLIED   ORGANISMS 


Organism. 


B.  coli  communis 

B.  typhosus 

B.  para  typhosus  "A" 
B.  paratyphosus  "B" 
Paracolon  bacillus 


Bact.  (lactis)  aerogenes 
B.  (mucosus;  capsulatus 

B.  enteritidis 
B.  cholerae  suis 


Bact.  dysenleriae 
(Flexner  and  SBiga) 


Macroscopical  Appearance 
Character  of  Reaction.  Stronger  Concentrations 

1:10,000-1  :  20.000. 


Extremely  rapid  and  vig- 
orous 

Moderately  rapid,  but  vig- 
orous 

Moderately  rapid  and  vig- 
orous 

Strongest  action  with  B. 
paratyphosus  "B"  and 
least  with  paracolon  ba- 
cillus 

Rapid  and  vigorous 
Rapid  and  vigorous 


Slow  with  Shiga  strain, 
but  more  rapid  with 
Flexner.  Medium  in- 
tenssity  in  both 


Black,  clumpy  sediment;  liquid 
above  greyish-brown  to  black 
and  always  turbid. 

Brown  to  black,  powdery  sedi- 
ment; supernatant  liquid  always 
brown  and  moderatelj'  turbid. 

Small,  compact  brown  to  black 
sediment;  supernatant  liquid 
dark  brown  and  almost  clear. 
Turbidity  least  and  color  strong- 
est with  paracolon  bacillus. 

Thick,  viscous,  black  sediment  with 
brownish-black  liquid  above. 

Thick,  brownish  sediment,  with 
liquid  above  nearly  uniform  grey- 
ish black  to  yellow  and  slightly 
turbid.  Color  more  nearly  brown 
with  B.  cholerae  suis. 

Compact,  brown  to  black  powdery 
sediment  with  liquid  above  yel- 
lowish brown  to  dark  brown  and 
nearly  clear. 


In  Table  II,  some  of  the  more  important  organisms  under 
investigation  have  been  grouped  in  accordance  with  their  reaction 
to  potassium  telhirite.  From  this,  it  is  seen  that  B.  coH  communis 
is  in  a  division  by  itself,  as  is  also  B.  typhosus.  A  third  group  is 
made  up  of  the  paratyphoid  bacilli  and  paracolon,  while  the  cap- 
sulated  bacteria  and  Bact.  (lactis)  aerogenes  comprise  a  fourth 
group.  The  dysentery  bacteria  fall  into  another  class  and  B. 
cholera  suits  Avith  B.  enteritidis  make  up  another  group. 

As  may  be  also  noted  from  the  accompanying  Plate  I,  the 
turbidity  and  intensity  of  color  are  greatest  with  the  colon  bacillus, 
B.  typhosus  coming  next.  However,  the  color  in  case  of  B.  coli 
communis  is  a  greyish-brown  while  with  the  typhoid  bacillus,  it 
is  a  dark  brown.  There  are  also  differences  in  turbidity  and  color 
intensity  between  B.  paratyphosus  "A"  and  B.  paratyphosus  "B." 
Turbidity,  color  and  sediment  are  all  characteristic  in  the  case  of 
B.  enteritidis,  more  so  than  with  B.  cholerae  suis.  Altogether, 
the  variations  both  in  antiseptic  action  and  the  reaction  under 
optimum  conditions  seem  to  be  sufficient  to  suggest  the  experi- 
mental use  of  potassium  tellurite  as  an  aid  in  the  differentiation 
of  organisms  in  the  "Colon-Typhoid"  group. 
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C.    The  Effect  of  "Tcllurisation"  on  the  Biochemical  Activities 
of  the  "Typhoid-Colon"  Group. 

^licroscopical  examination  of  various  species  of  microorgan- 
isms seemed  to  indicate  that  the  process  of  "tellurization"  is  essen- 
tially a  reduction  of  the  potassium  tellurite  with  actual  deposi- 
tion of  metallic  tellurium,  or  a  black  hydrogenat:d  compound 
within  the  microbic  cell.  The  appearance  of  different  bacteria 
so  treated  has  been  described  in  the  previous  paper  on  this  sub- 
ject. Aside  from  altering  the  morphological  characteristics,  it 
seemed  as  if  treatment  with  tellurite,  by  introducing  foreign  sub- 
stance within  the  bacterial  body,  might  possibly  affect  the  bio- 
logical properties  of  an  organism.  The  bacterial  types  included 
in  the  present  study  appeared  to  be  well  adapted  for  validating 
the  above  hypothesis  owing  to  their  biochemical  activities. 

Dextrose,  lactose  and  saccharose  bouillon  respectively,  and 
litmus  milk  were  used  for  determining  the  bacterial  activity  before 
and  after  treatment  with  tellurite.  The  technique  consisted  in 
taking  a  48-hour  culture  of  the  organism  to  be  studied,  grown  in 
plain  bouillon,  and  adding  to  it  suftici.nl  potassium  tellurite  to 
permit  the  maximum  reduction  to  take  place,  with  the  minimum 
of  germicidal  action.  For  most  of  the  types,  a  concentration  of 
1:2500  of  tellurite  was  satisfactory,  but  for  some  of  the  weaker 
strains,  a  strength  of  1:10,000  gave  better  resuUs.     The  "tellu- 


TIIE    IM  I.fE.NCK    or    POTASSIUM    TELLURITE   ON    THE    M.'VCTKRIAL    lER.MEN TATION    OF 
DEXTROSB. 


Organism. 


B.  (  niucosus)  capsulatus.. 

U.  coli  communis 

Uact.  (lactis;  acrogenes 

U.  cloacae 

B.  jiroleus  viilnaris 

B.  paratyphosus  "B" 

B.  of  switie  plajjue 

B.  enteritidis 

B.  typhosus 

B.  paratyphosus  "A" 

Paracolon  Bacillus..   

B.  acifli  laclici 

B.  cholerae  s\iis 

B   pneumoniae  (Hriedliiiider). 

Bad.  dysenteriae  (Shiga) 

B.  icleroides 

Bad.  dysenteriae  (  Flexner ). . . 


Action  before         |         Action  after 
Tellurization.  Tellurization. 


a,  HO 

a,  80 

a,  10 

a,  40 

a,  60 

a,  (iO 

a.  40 

a,  40 

a.  30 

a,  .30 

a,  50 

a.  60 

a 

a 

a,  40 

a,  60 

a 

a 

a,  fiO 

a,  (50 

a,  10 

a,  40 

Note;  a  —  acid,  btit  no  gas  forniHtion. 

Numerals  refer  to  percentage  of  gas  in  clostd  vi 


a,  10 
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THE     INFLUENCE     OF     POTASSIUM    TELLURITE     ON     THE     BACTERIAL     FERMENTATION     OF 
LACTOSE. 


Organism. 

Action  before 
Tellurization. 

Action  after 
Tellurization. 

1 

a,  90 
a,  20 
a,  50 
a,  40 

+ 
-t- 
4- 
4- 

X 

4- 
a 

4- 

4- 
4- 

a,  90 

a,  20 

•^ 

Bact.  (lactis)  aerogenes. 

a,  90 

4. 

B   cloacae 

a,  40 

4- 

8 

B.  paratyphosus  "B"..                              

4- 

7 

+ 

S 

B.  enteritidis    

+ 

q 

B.  paratyphosus                           .    .. 

+ 

10 

+ 

11 

-1- 

1-^ 

B.  acidi  lactici 

a/io 

18 

4- 

14 

15 

Bact.  dysenteriae  (Shiga)       

4- 

16 

B   icteroides.. 

+ 

17 

Note:  a  =  acid,  but  no  gas  formation. 

Numerals  refer  to  percentage  of  gas  in  closed  vial. 

+  =  growth  with  neutral  reaction  and  no  fermentation. 


TABI,E   V. 


THE     INFLUENCE    OF    POTASSIUM     TELLURITE    ON    THE     BACTERIAI 
SACCHAROSE. 


FERMENTATION     OF 


Organism. 

Action  before 
Tellurization. 

Action  after 
Tellurization. 

1 

a,  90 
a,  90 
a,  50 
a,  40 
a,  40 

4- 

4- 

4- 
a  (slight) 

-h 

4- 

4- 

4- 
+ 
4- 

a,  90 

B.  coli  communis              

a,  90 

s 

Bact   (lactis)  aerogenes. 

a,  50 

a,  40 

c' 

Proteus  vulgaris 

B   Paratyphosus  "B" 

a,  40 

B.  of  swine  plague 

s 

B.  enteritidis. 

+ 

B.  typhosus.. 

a  (slight) 

10 

Paracolon  bacillus 

+ 

19 

B.  acidi  lactici 

]•; 

4- 

Bact.  dysenteriae  (Shiga) 

+ 

Ifi 

4- 

+ 

Note:  a=acid,  but  no  gas  formation. 

Numerals  refer  to  percentage  of  gas  in  closed  vial. 

+  =  growth  with  neutral  reaction  and  no  fermeutatioti 


rization"  was  allowed  to  go  on  for  48  hours,  after  which  the 
supernatant  liquid  was  pipetted  off,  and  two  heavy  loopfuls  of  the 
blackened  sediment  were  used  for  inoculating  the  different  cul- 
ture media.  Control  tubes  were  similarly  inoculated  using  96- 
hour  cultures  of  the  organism  without  tellurite. 
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[NFLUKNCE     OK     POTASSIUM     TELLURITE    OX     THE     HACTERIAI 
LITMUS   MILK. 


■-ERMENTAT10N     OF 


Organism. 

Action  before 
Tellurization. 

Action  after 
Tellurization 

1 

a,  c 
a,  c 

a,  c 

a,  c 

a,  c 

alk. 

a  (slight) 

a,  then  alk. 

a  (very  slight) 

a  (slight) 

a 

a  (slight),  c 

a,  then  alk. 

a 

alk. 

alk. 

alk. 

o 

B.  coli  communis.. 

3 

Bact.  (lactis)  aerogenes 

a,  c 

4. 

B.  cloacae 

B.  proteus  vulgaris 

B.  paratyphosus  "B" 

a,  c 
a,  c 

alk 

s' 
q 

B.  of  swine  plague 

B.  enteritidis. 

B.  typhosus . 

alk.,  then  a 

a,  then  alk. 

a  (very  slight) 

a  (slight) 

a  (slight),  c 

10 

B  paratyphosus  "A". 

11 

\7. 

Paracolon  bacillus 

V^ 

alk. 

14 

B.  pneumoniae  (Friedliiiider) 

lo 

Bact.  dysenteriae  (Flexner) 

alk. 

17. 

B.  icteroides 

Bact.  dysenteriae  (Flexner; 

alk. 
alk. 

Note:  a  =  acid  reaction  to  the  litmus. 

alk. =  alkaline  reaction  to  the  litmus, 
c      coagulation. 


I"'or  llic  carbohydrale  media,  inverted  vial  Uibe.s  were  used  in 
place  of  the  regular  Smith  fermentation  tubes.  Examination  was 
made  at  the  end  of  48  hours  and  again  after  96  hours  of  action. 
The  results  obtained  with  the  more  important  organisms  are  given 
in  the  following  tables,  using  the  nomenclature  appended  in  the 
note  with  each  table,  and  arranged  as  in  Table  I.  Acid  forma- 
tion with  the  sugar  media  was  tested  by  the  coloration  imparted 
to  sterile  azolitmin  solution. 

The  preceding  tables  seem  to  show  that  treatment  with  potas- 
sium tellurite  has  but  little  effect  on  the  biochemical  activities  of 
an  organism.  As  might  be  supposed,  the  "tellurited"  organisms 
grow  more  slowly  and  hence  show  less  fermentative  power  within 
the  first  twenty- four  hours  than  do  the  untreated  bacteria.  How- 
ever, at  the  end  of  48  hours,  or,  better,  at  the  eild  of  !)(">  hours, 
some  types  ap[)ear  even  more  vigorous  after  treatment  with  tellu- 
rite than  before.  This  was  shown  by  increased  gas  formation  in 
the  case  of  dextrose  with  B.  enteritidis  and  P>.  i)aratyphosus  "B," 
and  with  lactose  and  B.  lactis  aerogenes.  I'ractically  no  differ- 
ence was  apparent  in  the  behavior  of  the  "tellurited"  organisms 
and  the  untreated  "controls"  both  with  saccharose  and  with  litmus 
milk. 
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CONCLUSIONS. 

1.  The  bacteria  of  the  "Colon-Typhoid  Group"  show  differ- 
ences in  resistance  to  the  antiseptic  action  of  potassium  tellurite 
and  in  the  appearance  of  their  reaction  with  this  salt.  These 
variations  are  sufficient  to  suggest  the  experimental  use  of  potas- 
sium tellurite  for  differential  diagnosis  in  the  group. 

2.  The  intensity  of  bacterial  action  on  potassium  tellurite 
depends  upon  the  individual  resistance  of  the  bacterium  and  the 
concentration  of  the  salt  present.  The  velocity  of  reduction  of 
the  tellurite  is  apparently  a  specific  function  of  an  organism,  apart 
from  its  resistance  to  antiseptic  action.  With  the  colon  bacillus, 
the  "tellurite  reaction"  is  almost  instantaneous. 

3.  Treatment  with  potassium  tellurite  has  practically  no  influ- 
ence on  the  biological  characteristics  of  an  organism. 
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AN  EXPANDING  ROOT  CANAL  FILLING. 

IJV    (MCUKGI-:   IJAlLIiV   JIAKRIS,   D.D.S.,   SC.M. 
(From   the    Ri>eaixli     Laboratory    of  I'arkc,    Oavis   ^:    Co.,    Detroit    Muh.) 

A  root-caiial  lilling,  to  prove  beneficial  and  successful  for 
what  il  is  intended,  must  fulfil  certain  conditions,  some  of  which 
are  as  follows : 

1.  It  should  be  non-contracting,  or.  if  it  must  contract,  the 
contraction  should  occur  in  the  center  of  the  filling,  and  not  from 
the  side  of  the  filling  toward  the  center.  In  other  words,  the 
canal  filling  should  adhere  to  the  walls  to  such  an  extent  that 
when  contraction  takes  place  it  will  be  from  the  center  of  the 
filling  toward  the  walls  of  the  canal. 

2.  The  filling  should  be  mildly  antiseptic  during  its  plastic 
state  and  have  solidification  take  place  slowly. 

:5.  Upon  drying,  it  must  not  be  reduced  to  a  powder,  leaving 
the  canal  less  than  half  filled. 

4.  It  should  be  removable. 

5.  It  should  be  non-irritating. 

().  It  should  prevent  the  passage  of  the  Roentgen  ray. 

Were  these  points  applied  to  the  root-canal  fillings  now  being 
used,  we  would  find  one  or  more  of  these  conditions  not  fulfilled. 

Chloro-perciia. — Chloro-psrcha,  which  is  used  more  than 
any  other  substance  for  this  purpose,  is  not  immune.  It  does  not 
])revent  the  penetration  of  the  rays  and  it  contracts  upon  drying. 
It"  will  not  contract  from  the  canal  wall  if  the  wall  is  perfectly  dry, 
l)ut  it  will  not  adhere  to  it  if  there  is  the  least  bit  of  moisture  in 
the  canal.    This  results  in  an  incomplete  or  partially  filled  canal. 

riiis  is  overcome  to  a  certain  extent  by  the  use  of  the  gutta- 
])ercha  point,  but  the  point  must  go  to  the  end  of  the  root  to  do 
this.  Radiographers  show  time  and  again  that  the  point  does  not 
reach  anywhere  near  the  apex  of  the  root  in  a  great  many  cases 
where  such  a  procedure  would  seem  to  be  a  simple  matter.  Again, 
chloro-percha  does  not  readily  follow  the  canal,  having  a  tendency 
to  form  a  ball  when  placed  in  the  canal,  due  to  the  rapid  evapora- 
tion of  the  chloroform.  This  is  overcome  to  a  certain  extent  by 
the  use  of  eucalyptol,  or  like  substance  :  but  experiments  show 


that  this  is  far  too  irritating  to  be  used  in  root-canal  tiUings. 
The  -t'-rays  pass  through  chloro-|)ercha,  making  diagnosis  by  this 
means  extremely  difficult. 

Paraffin. — The  case  of  paraffin  is  somewhat  ditterent.  Here 
we  encounter  the  contraction  from  tlic  wall  toward  the  center 
and  more  or  less  difficulty  in  getting  it  to  the  apex  of  the  root 
due  to  its  rapid  solidification.  It  does  not  hold  back  the  .r-rays 
nor  can  it  be  made  antiseptic,  so  that  it  will  remain  so  after  solidi- 
fication. 

The  Author's  Experiments. — Bearing  these  facts  in  mind, 
we  set  out  to  produce  a  substance  that  would  remove  as  many 
of  these  objections  as  possible,  and  we  believe  we  have  at  least 
partially  succeeded.  In  the  first  place  we  have  a  substance  that 
will  expand  ujjon  solidifying,  instead  of  contracting.  To  the 
liquid  is  added  a  "binder"  that  will  not  permit  its  return  to  a 
powder  upon  drying  out. 

This  preparation  consists  of  a  powder  and  a  liquid.  When 
these  two  are  mixed  together  a  chemical  reaction  takes  place 
which  results  in  the  expansion  of  the  paste,  for  it  is  a  paste. 

Now,  when  the  paste  is  stirred  rapidly,  a  contraction  results. 
When  the  paste  in  this  state  is  sealed  in  a  pulp  chamber  it  again 
expands  to  the  chemical  reaction  which  again  takes  place  and 
which  is  exaggerated  by  the  rise  in  temperature.  The  rise  in 
temperature  causes  it  to  take  on  a  semi-solid  form,  which  can  be 
hardened  at  once  by  the  addition  of  one  drop  of  another  liquid 
to  the  canal  contents.  If  this  is  not  added  the  filling  will  harden 
in  about  two  weeks. 

At  first  it  was  considered  necessary  to  seal  up  the  :\.\k\  of  the 
root  to  prevent  the  expanding  paste  from  passing  through  the 
apex,  and  a  great  deal  of  time  was  devoted  to  solving  this,  the 
final  decision  being  that  the  best  substance  for  the  ])uri)ose  is  a 
triple  salt  of  tin,  made  by  passing  chlorine  gas  through  tin 
chloride. 

.A.ftcr  studying  the  expansion,  we  found  thai  il  Cduld  he  easily 
and  absolutely  controlled;  that  the  expansive  power  could  be 
elinnnated  entirely  on  the  one  hand  or  it  coidd  be  made  lo  expand 
to  such  an  extent  that  it  would  force  out  a  gutta-i)crcha  plug 
when  the  "normal"  or  a  little  above  "normal"  expansion  was 
placed  against  resistance  equal  to  that  which  it  would  encounter 
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in  a  root  having  a  foramen  of  the  diameter  of  Yi  mm.  Under 
these  conditions  it  was  found  that  the  expansion  was  not  so  great 
as  the  tissue  pressure  or  resistance  outside  of  the  apex  of  the 
root,  and  that  the  paste  would  not  pass  through  unless  all  expan- 
sion i)ossihle  to  put  into  the  paste  were  used,  and  it  is  possible  to 
get  considerable  more  pressure  outside  the  mouth  than  in,  due 
to  a  lower  temperature  at  which  the  experiments  may  be  carried 
on.  For  this  reason  we  find  that  lining  the  canal  and  sealing  up 
the'  apical  foramen  are  unnecessary,  except  in  deciduous  teeth, 
where  we  believe  that  an  expanding  canal  filling  is  both  contra- 
indicated  and  unnecessary. 

There  are  several  ways  by  which  the  expansion  of  this 
material  may  be  controlled.  The  most  important  one  is  the  tem- 
perature at  which  it  is  mixed  and  the  temperature  at  which  it  is 
introduced  into  the  root  canal.  If  it  be  mixed  at  the  temperature 
of  the  body,  there  will  be  neither  expansion  nor  contraction; 
above  that  temperature,  contraction  will  take  place,  and  below, 
expansion.  The  higher  above  the  normal  temperature  of  the 
body  it  is  mixed  the  greater  will  be  the  contraction,  and  the 
lower  the  temperature,  the  greater  will  be  the  expansion.  So 
sensitive  is  it  to  heat  and  cold  that  a  fraction  of  a  degree  will 
show  a  decided  difiference  in  its  behavior  in  regard  to  the  expan- 
sion or  contraction  in  or  out  of  the  canal.  Another  consideration 
is  the  time  elapsing  between  its  introduction  into  the  canal  and  the 
sealing  of  the  canal.  This  would  affect  the  expansion  only.  As 
soon  as  it  is  introduced  into  the  canal,  either  expansion  or  contrac- 
tion begins,  unless  it  is  introduced  at  exactly  the  temperature  of 
the  canal.  Expansion  will  take  place  along  the  lines  of  least 
resistance,  and  if  the  canal  is  not  sealed  it  will  expand  out.  The 
more  quickly  it  is  sealed  in  the  greater  will  be  the  expansion,  and 
where  no  expansion  is  desired  it  is  only  necessary  to  leave  the 
canal  open  for  from  five  to  ten  minutes,  to  allow  all  expansion  to 
take  place,  then  sealing  it  up.  There  will  then  be  no  pressure  in 
the  canal  and  the  filling  will  not  be  dense.  Should  it  then  be 
found  desirous  to  expand  it,  or  to  condense  it  a  little,  all  that 
would  be  required  would  be  the  addition  of  one  or  two  drops  of 
liquid  introduced  into  the  canal  at  a  low  temperature  and  quickly 
sealed  with  cement.  Expansion  and  condensation  will  then  take 
])lace  in  a  very  few  minutes.     The  density  of  the  filling  will  be 
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governed  by  the  quantity  of  the  powder  added  to  the  liquid  as 
well  as  the  temperature.  The  more  powder  used,  the  slower  will 
be  the  expansion,  the  denser  the  filling  and  the  less  the  expansion. 
However,  by  the  addition  of  all  the  powder  possible  to  add  to 
the  liquid,  the  expansion  cannot  be  ])revented  entirely. 

Tube  Experiments  with  Exp.xnding  Root  Filling. — 
Where  contraction  takes  place  it  contracts  in  the  center.  This 
is  shown  in  Fig.  1,  tube  2.  This  tube  was  filled  up  to  F  and  then 
gently  warmed  until  it  expanded  to  R.  It  was  then  allowed  to 
cool.  Contraction  occurred,  not  at  the  side  of  the  tube,  but  in 
the  center  of  the  filling  downward  and  toward  the  sides  of  the 
tu])e  to  N,  the  remainder  being  solid.     The  distance  from  F  to  N 
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at  the  temperature  it  was  mixed  and  at  room  tem])eraturc.  An 
alcohol  flame  was  then  applied  below  F  and  expansion  again  took 
place,  expanding  to  B.  Were  this  temperature  maintained  until 
solidification  occurred  no  contraction  would  result,  but  as  the  flame 
was  withdrawn  as  soon  as  B  was  reached,  contradion  look  ])lacc. 
finally  returning  to  the  same  level  u  lierc  it  was  l)cfore  the  alcohol 
flame  was  applied.  As  this  tube  is  of  the  same  diameter  throtigh- 
out  its  full  length,  the  ])aste  was  expanded  more  than  its  own 
v(»luinc  and  maintained  it  throughout  solidification.  To  show 
how  sensitive  it  is  to  thermal  changes,  we  will  consider  tubes  ;? 
aiul    I   in  the  same  illustration.     In  these  two  cases  the  paste  was 
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prepared  at  room  ttnii)erature  and  put  into  the  two  tubes  at  the 
same  temperature.  No  heat  was  apphcd  from  outside  sources, 
i.e.,  all  the  hsat  involved  in  producing  the  expansion  was  the 
result  of  the  chemical  reaction  which  took  place  as  a  result  of  the 
powder  and  liqtiid  being  mixed  together.  As  a  matter  of  fact, 
the  rise  in  temperature  is  so  slight  tliat  it  is  detected  with  diffi- 
culty; yet  this  small  change  is  sufficient  to  cause  the  mixture  to 
expand  from  11  to  C  in  No.  'A  and  from  K  to  D  in  No.  1. 

Were  the  paste  allowed  to  dry  and  then  be  pulverized  and 
have  the  liquid  again  added,  while  it  would  expand  under  certain 
conditions,  its  extreme  sensitiveness  would  be  lost,  but  there 
would  still  remain  sufficient  expansive  powder  to  fill  a  reasonable 
space.     Its  response,  however,  wotild  be  slower. 

In  the  experiments  shown  so  far,  all  the  tubes  have  been  open 
at  one  end,  allowing  the  air  between  the  paste  and  the  end  of  the 
tube  to  escape  as  expansion  took  place.  This  condition  does  not 
exist  in  the  root  canal.  What  then  becomes  of  this  air  in  the 
canal?  Is  it  forced  beyond  the  apex  of  the  root  into  the  sur- 
rounding tissues,  or  will  it  prevent  expansion?  It  is  not  forced 
beyond  the  apex,  because  the  same  amount  of  pressure  preventing 
the  paste  to  expand  beyond  the  apex  also  prevents  the  air  from 
passing  beyond.    Again,  it  does  not  prevent  expansion. 

Tube  No.  1  shows  the  expansion  taking  place  in  a  sealed  tube 
quite  as  readily  as  it  does  in  the  open  tubes.  This  tube  was  filled 
and  the  filling  expanded  under  the  same  conditions  as  were  Nos. 
;5  and  4,  the  air  offering  no  resistance  whatever.  The  air  is  taken 
up  by  the  paste  as  it  expands,  filling  the  microscopic  spaces  pro- 
duced when  the  molecules  swell  during  the  expansion,  and  there 
it  remains.  Whether  any  of  the  air  is  chemically  taken  up  by  the 
paste  or  not  has  not  yet  been  determined,  but  it  likely  is  not. 

Possibility  of  Removal  of  Root  Filling. — The  next  con- 
sideration is  its  removal  from  the  canal,  should  this  become  neces- 
sary. Let  us  suppose  that  complete  solidification  has  taken  place 
and  that  the  filling  is  perfectly  hard.  Its  removal  is  an  easy  mat- 
ter. Simply  open  up  into  the  pulp  chamber  and  then  chill  the 
tooth  with  ice  or  a  cold  blast  of  air  and  fill  the  canal  with  the 
expanding  liquid,  previously  chilled.  This  Avill  be  rapidly  taken 
up  by  the  filling  when  another  drop  is  added,  keeping  both  the 
liquid  and  tooth  as  cold  as  possible.     Remove  the  ice  or  cold  blast 
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and  either  apply  a  warm  blast  or  allow  it  to  be  warmed  from 
the  tissues.  In  a  few  minutes  it  will  again  expand,  following  the 
line  of  least  resistance,  which  in  this  case  will  be  toward  the 
crown  of  the  tooth.  In  other  words,  it  will  expand  outwardly. 
Additional  liquid  can  then  be  carried  on  a  broach  and  the  entire 
filling  removed  without  any  danger  of  forcing  it  threnigh  the 
foramen  and  without  the  slightest  discomfort  to  the  patient.  The 
operation  is  also  very  quickly  done. 

Resistanck  to  X-R.w. — An  important  feature  which  this  ma- 
terial possesses  is  its  ability  to  stop  the  Roentgen  ray.  This  was 
overlooked  in  the  original  powder  and  was  suggested  to  me  by 
Dr.  Giffin,  of  Detroit,  who  pointed  out  its  extreme  importance, 
and  after  considerable  experimenting  we  were  able  to  add  this 
factor  to  the  material  without  interfering  with  any  of  the  oilier 
points.  Supposing  that  we  fill  a  root  canal,  or,  better,  till  two 
root  canals  in  a  molar  tooth,  but  are  unable  to  get  into  the  third 
for  some  reason.  The  chances  are  tliat  this  third  root  will  be 
completely  filled  by  the  expanding,  hut  we  would  not  l)c  sure. 
An  A'-ray  would  tell  this  at  once,  and  in  case  it  was  not  com- 
pletely filled  all  that  would  be  required  would  be  the  addition  of 
a  little  liquid,  resulting  in  a  continued  ex])ansion.  This  operation 
would  be  continued  until  the  radiograph  showed  all  the  canals 
completely  filled.  This  can  be  done  in  third  molars  by  simply 
filling  the  [)ulp  chamber  half  full  of  the  paste,  filling  the  balance 
with  cement  and  allowing  the  ex])ansion  to  fill  the  canals. 
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